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I ASK you to consider with me a topic which is of fundamental 
interest to physiologists, whether they concern themselves primarily 
with animals or with plants. I take it the basal identity of the living 
matter in all organisms and of its metabolism needs neither demon- 
stration nor emphasis at my hands. Nor do I need to lay stress 
upon the importance of respiration as one of these metabolic phe- 
nomena, since it has been recognized from the earliest period as 
indispensable to life. The phlogiston theory of the composition of 
the atmosphere had scarcely disappeared below the scientific horizon, 
before the fact was discovered that there occur, in animals and in 
plants alike, an intake of oxygen and an output of carbon dioxid 
which are intimately related to their existence. This became obvi- 
ous to man, of course, in his own experience, a very superficial study 
of the composition of the air inspired and expired from the lungs 
showing that it had lost oxygen and gained CO,. This much of 
respiration was early recognized to occur also with the larger ani 
mals, and a few years later like observations were made upon plants 
by PrresTLEY, and more accurately by LAVoIsSIER and INGENHOUSsS. 
Even this knowledge of respiration was not possible before PRiEST 


LEY’s discovery of oxygen in 1774, and the very remarkable revo 


lution in chemistry that followed in the closing years of the eigh 


teenth century. Yet this disappearance of oxygen and formation 
of carbon dioxid are only the external indication of respiration, as 
has been long recognized. 

Address of the retiring president before the Botanical Society of America 
delphia meeting, December 28, 1904. Published also in Science. 
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RESPIRATION IN ANIMALS. 

Upon undertaking special consideration of this topic, I found it 
needful to examine the recent literature of respiration in animals, 
the aspect of the general subject with which I felt myself least 
familiar. I found, to my very great surprise, that animal physi- 
ologists have concerned themselves very little with the essential 
problems of respiration. ‘They seem to have been diverted to the 
study of the mechanism of gas movements in the higher animals. 
The lungs, with their intricate structure of lobes, lobules, atria, and 
air ‘“‘cells;” the box in which the lungs are located, with its com- 
plex muscular mechanism, and the very complicated mechanism of 
innervation for the voluntary and involuntary movements which it 
executes; the blood, and the physico-chemical relation of the gases 
that enter and leave it in the lungs, of those that come into it from 
the tissues, and of those it gives up to the tissues—these are the 
topics that one finds exploited at length when he turns to the text 
books. I diligently examined the most modern and most thorough 
text-books on animal physiology; such books as Foster’s Physt- 
ology; STEWART’S Manual oj Physiology; the American Text-book 
oj Physiology; and SCHAEFER’s Text-book oj Physiology; but in 
them I found no treatment whatever, indeed no mention whatever, 
of the real problems of respiration, that is, of what is happening in 
the tissues—the processes of which these external phenomena are 
the sign. Yet this much-studied respiratory mechanism, which is 
so striking in the higher animals, is entirely wanting in the lower 
animals and in plants. 

Not finding even a clue to the literature in the text-books, it was 
only after much search that I was able to discover that anything at 
all had been done; and it is so little that it is almost a negligible 
quantity. There is an obvious reason for this, beside mere interest 
in the more striking phenomena. I am intending, however, neither 
arraignment nor excuse, but a bare statement of what were to me 
rather surprising facts. 


RESPIRATION IN PLANTS. 


The knowledge of respiration in plants began about the same 


time—the close of the eighteenth century—and advanced rapidly 
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on account of the notable revolution in chemistry which took place 
about this time. INGENHOUss, the Dutch naturalist, really ascer- 

j tained and published in 1779 the chief external facts of respiration; 
at least he was able to state them essentially as they were known 
for twenty-five years after his time. In 1804, DESAUSSURE showed 
that growth is dependent on respiration; that respiration is more 
active in growing parts than elsewhere; that it is the cause of the 
loss of weight to which plants are constantly subject; and later, that 
the heat set free in flowers is related to the absorption of oxygen. 
Not until 1833 was respiration treated comprehensively, when 
DurrRocHET expounded the subject, comparing the respiration of 
animal and plant, and showing it to be fundamentally alike in both. 

Now at this point there began two remarkable misconceptions. 
One was the confusion that arose between respiration and the manu 
facture of carbohydrates, which Durrocuer called ‘diurnal respi 
ration.”” Of that I shall not speak, save to say that the great weight 


of Liesic’s authority made this error persist for half a century. 


RESPIRATION AND COMBUSTION. 


The other misconception Was engendered by the comparison of 
respiration to combustion. It had been observed by LAvoIsIER 
that the heat of the animal body was dependent upon respiration; 
the heat of the plant body was shown by DeSaussureE to be related 
to a disappearance of oxygen; combustion consumes oxygen and 
produces heat; therefore, respiration is a sort of combustion. So 
the argument ran. 

It is quite impossible to overestimate the influence that this con 
ception has had on the study of respiration. ‘The mischief it has 
wrought depends chiefly, perhaps wholly, upon a misconception of 
the actual mechanism of combustion, a process that has ever been 
the béte noire of chemistry, as the history of the “ phlogiston”’ theory 
well shows. ‘To our changed conceptions of combustion I shall 
return later. 

The idea of combustion, however, which dominated the argument 
I have cited, was that oxygen combined with carbon to form CO, 
and with hydrogen to form H,O. It was most natural, therefore, 


to conceive that the food taken up by the organism stood to it in 
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the same relation as does fuel to the engine, and that what happens 
is an actual oxidation of the food immediately and directly; in fact, 
a process precisely parallel to the burning of the same food outside 
the body. 

One evident outcome of that idea is the current classification of 
foods into plastic and dynamogenous—-those which are useful in 
building up the body, and those that are useful in producing heat 
within the body; into “fattening foods” and ‘heat-producing” 
foods. You are doubtless familiar with these phrases. 

But if foods are “burned” in the body, it must be important to 
know how much oxygen enters it, and how much carbon dioxid 
and water leave it, so as to discern the ratio which exists between 
them. Plainly a basis for this must be a comparison of the differ- 
ences between the combustion of foods outside the body and _ their 
“combustion”? within the body. Yet, strangely, this has not been 
made until recently. Without giving the full tables, let me show 
the results arrived at by two observers, regarding two of the most 
common plant foods, glucose and tartaric acid. These observers 
assume, you will notice, that the processes are comparable. The 


O 
: ° 2 
results are stated as ratios of O 
By RESPIRATION 
Foop By Com- 
BUSTION 
Diakonow Purjewicz 
Glucose - - - - - - - cise Oe 95 
10¢ ! I 
1. ; . 160 200 162 
Tartaric acid aie Se é 
IC 100 I 


DIAkoNoW’s whole series shows that in combustion the carbon 
dioxid was always less than in respiration; PurJewicz found (with 
the exception of tartaric acid, and even there the difference between 
his results and DIAKONOW’s is in the same direction) that it was 
always greater, his results being absolutely different in significance 
from DrAKkonow’s. And this is a good type of the results to be 
found in examining the literature! | am not now concerned in 
determining which set of results is correct, inasmuch as I believe 
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both are valueless, since on the assumption upon which they are 


based neither can be interpreted. 
RESPIRATORY RATIO. 


Long before this sort of comparison was made, however, a 
voluminous literature arose which was concerned only with the 
ratio between the carbon dioxid given off and the oxygen consumed, 
and how this ratio was influenced by temperature, by light, by this 
kind of food or that, by mere hunger, or by starvation. This ratio, 
the so-called respiratory ratio or respiratory quotient, the plant 
physiologists really inherited from the animal physiologists, by whom 
it was devised with reference to the gaseous exchange that occurs 
in the lungs. This respiratory ratio has proved a veritable will- 
o’-the-wisp, leading investigators into a bog where their labors and 
their thinking were alike futile. For as a sign of what is going on 
within, the respiratory quotient is absolutely valueless, however 
interesting the facts in themselves may be. I could cite an indefi- 
nite number of investigations to indicate this. I select a few cases. 

As long ago as 1885, RUBNER showed! that the respiratory ratio 


varied in resting muscles at different temperatures. 


At 8.4 = - - - = = 2.28 
a 

28.2 - - - - - 1.01 

33.8 - - - - - 1.18 

38.8 - - - - : 0.9! 


Von Frey and GruBeER? showed that in a dog’s muscle, with 
artificial circulation, contractions are accompanied by an increase 
in the carbon dioxid added to the blood, but they found this increase 
variable (46-10 per cent.) and less than the corresponding absorption 
oj oxygen, so that the respiratory ratio became lowered during con- 
traction. ‘Tissor’ showed that the production of carbon dioxid in 

t Versuche iither den Einfluss der Temperatur auf die Respiration des ruhendes 
Muskels. DuBois-Reym. Archiv fiir Physiol. 1885: 38-66. 

2 Versuche tiber den Stoffwechsel des Muskels. DuBois-Reym. Archiv fiir Physiol. 

? 1885 : 533-562. 


3 Recherches sur la respiration musculaire. Arch. de Phys. Norm. et Path. V. 
6:838-844. Also, Variation des échanges gazeux dun muscle extrait du corps. Op. 


et ser. cit. '7:041-653. 1895. 
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excised muscles was increased if the muscles were killed by heat or 
were fatigued by prolonged stimulation. The output of carbon 
dioxid in such cases was nol related to the rate oj absorption oj oxygen. 
Six years ago FLETCHER,‘ using Blackman’s apparatus, the most 
intricate and accurate apparatus yet devised for following gaseous 
exchanges, showed that the evolution of carbon dioxid from excised 
frog’s muscles is independent oj the amount oj oxygen taken up during 
the period. He distinguished in the production of carbon dioxid, 
first, a short period (about six hours), which he thinks dependent 
upon the presence of oxygen; and second, a long-continued evo- 
lution of carbon dioxid ‘‘due to chemical processes occurring spon- 
taneously within the muscle, in which complex molecules are replaced 
by simpler ones, with the conspicuous results of the appearance of 
[sarcolactic] acid and of free carbon dioxid.”” He adds: “ Uncer 
suitable conditions the occurrence of active contractions in an excised 
muscle is not accompanied by an increase in the rate at which carbon 
dioxid is yielded by the muscle,” though oxygen is abundantly sup 
plied then by the blood. He does find, however, an increased for- 
mation of other decomposition products. 

CHAUVEAU and KAUFMANN, as long ago as 1887, found that the 
output of carbon dioxid from the levator muscle of a horse’s upper 
lip was greater during activity than during rest, and contained more 
oxygen than that absorbed in same time.’ 

A great number of researches of the same tenor can be found 
in botanical literature. A single example must suffice. In an 
elaborate paper PuRJEWIcz shows°® that the variations in the carbon 
dioxid produced and the oxygen absorbed during a given period 
under various conditions are not parallel, the amount of carbon 
dioxid ranging within far wider limits than the oxygen. Thus, the 
carbon dioxid varied from —14 to 120 per cent. of the average; the 
oxygen varied from o to 48 per cent. of the average. PuRJEWICZ, 
indeed, expresses his conviction that the respiratory ratio has no value 


as indicating the actual course of respiration, and would separate 


4 Survival respiration of muscle. Jour. Physiol. 23:1o-gg. 1898. 
Le coefficient de l’activité nutritive et respiratoire des muscles. Compt. Rend. 
Acad. Sci. France 104:1126-1132. 1887. 
6 Physiol. Unters. titber Pflanzenatmung. Jahrb. Wiss. Bot. 35:573-610. 1goo. 
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the taking up of oxygen and the production of carbon dioxid as 
two processes, only indirectly related. 

It is clear that such results as have been cited became difficult 
to reconcile with the idea that respiration is combustion, and so an 
attempt was made to evade the force of the facts, while maintaining 
the comparison, by introducing a qualifying term and speaking of 
respiration as “ physiological combustion.” ‘This modification, how 
ever, blinks the difficulty; it does not remove it. 

Before passing from this part of my subject I may mention another 
false conception, which is more or less directly dependent on the 
notion that respiration is combustion. One often finds respiration 
described as a gaseous exchange—the taking up of oxygen and 
giving off of carbon dioxid—a trade between the atmosphere and 
the body. Clearly this is another case of transferring the superficial 
interpretation of our own physiological processes to other organ- 
isms. ‘The exchange that takes place between the tissues and the 
blood, between the blood and air in the lungs, gives the foundation, 
and the unessential phenomena of respiration become substituted 
for the essential. It would be quite as correct to describe photo- 
synthesis as “an exchange of gases,” for carbon dioxid is taken up 
and oxygen is eliminated. Yet no one ever thinks so superficially 
of this process. 

\NAEROBIC RESPIRATION. 

For three quarters of the last century it was supposed that the 
evolution of carbon dioxid could only occur when free oxygen was 
available. sut in the early seventies PFLUGER discovered what 
seemed a peculiar form of respiration. He found that a frog put 
into a vacuum continued to give off carbon dioxid; and _ presently 
the same phenomenon was observed by PFEFFER and others in 
plants. So firmly had the conception of combustion fastened itself 
upon physiologists, that when this anaerobic respiration came to be 
explained, it was supposed that certain molecules of organic matter 
within the cell gave up their oxygen to others, that they might thus 
be burned in the body-furnace to yield energy. Hence arose the 
term “intramolecular respiration.” 

The study of anaerobic respiration, misleading as this early 


nterpretation of it was, has thrown in late years a very great light 
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upon normal or aerobic respiration. Here is a process which results 
in the evolution of energy, and gives rise to one important end- 
pro luct of aerobic respiration, viz., carbon dioxid; yet it early became 
evident that it could not be counted a process of combustion, at least 
in any sense in which combustion was then understood. Plainly, 
the changes that were going on within the organism, which enabled 
it to give off carbon dioxid when no free oxygen was to be had, could 
only be a rearrangement of atomic groups within the molecule and 
the formation of products which were simpler than those from which 
they arose. 

FERMENTATION. 

The process of fermentation, first thoroughly explored by PASTEUR, 
whose results have been much extended by the brilliant researches 
of HANSEN and many others, are evidently related to those of respi- 
ration by the nature of the end products and the conditions under 
which the processes occur. Indeed, when one compares the end 
products of respiration and of alcoholic fermentation he finds them 
to be identical in all respects. Other sorts of fermentation like- 
wise yield many substances that are found originating in the metab ; 
olism of the higher plants. 

We have, then, three modes of energy-release, which are evi- 
dently closely related, if not identical; aerobic respiration, anaerobic 
respiration, and fermentation. Their relations, so far as was known 
in 1898, were stated by PFEFFER in his P/lanzenphysiologie and 


need not be reviewed. 


THE COURSE OF RESPIRATION, 

In translating that work (p. 519) Ewart wrote: “The actual 
course of respiration within the protoplast is quite obscure.” PFEFFER 
himself says (p. 551): “‘Our knowledge of the inherent protoplastic 
mechanism is too incomplete to afford a sound basis for any theory 
concerning the phenomena of respiration.” Fortunately, knowl- 
edge in the last six years has broadened, and I believe that it is possi- 





ble now to see pretty clearly what the actual course of respiration is. 
Perhaps you will say, to foresee rather than to see—but hypothesis 
must outrun demonstration. The advances to which we are indebted 
for deeper insight are in three fields: first, the chemistry of pro- 
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teids; second, the course of combustion, especially at low tempera- 
tures; third, the nature of anaerobic respiration, and its relation 


to aerobic respiration. Let me speak of these in order. 
CHEMISTRY OF THE PROTEIDS. 


A knowledge of the proteids, complex as they are, could be 
obtained only by a study of their decomposition products. Now 
there is a very remarkable uniformity in these decomposition prod- 
ucts. No matter what the organism from which they are derived, 
no matter how simple they are or how complex, when broken up by 
the process of digestion, or by boiling with acids, they yield invari- 
ably a series of products which have become in the last few years 
much better known. These are amino- or amido-acids; such sub- 
stances as leucin, tyrosin, arginin, glutamin, glycocoll, etc. Materials 
of this kind are invariably present, and certain ones are so invariably 
present that they can be used as the basis of distinctive tests for the 
occurrence of digestion or similar decompositions of proteids. This 
gave a clue to the nature of proteids which was followed by several 
observers, notably by Kosset, in the study of what are believed to 
be the very simplest proteids, because of the fewness and uniformity 
of the fractions into which they break up. These are the prota- 
mines. It has become clear from the study of these simple proteids 
that they are made up in somewhat the same way as the polysac 
charides among the carbohydrates, that is by linking together a 
series of the amido-acids. This is possible because the amido- 
acids have a peculiar construction. They are, so to speak, different 
on different sides. On one side is an acid group and on the other a 
basic group; and so the amido-acids can hang together in chains, 
or even be condensed or polymerized to make a simple proteid. 
Among the amido-acids, as in the carbohydrates, there are certain 
atomic groups, like CH,, CH,, CHOH, CH,OH, COOH, etc., 
which recur again and again, and in such groups the possibility of 
replacing a hydrogen atom or a hydroxyl radicle by some other 
atomic group is very great. 

Note, for instance, the comparatively simple acetic acid, CH,’ 
COOH. If we replace one of the three H atoms by the amido group, 
NH,, we have at once an amido-acid, glycocoll, CH,(NH,)*COOH, 
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which is one of the sorts of material out of which proteids can be 
made. Out of an alcohol or out of a sugar we get just the groups 
CHOH, CH,OH, etc., from which these amido-acids may be con- 
structed when nitrogenous substances are present to supply the 
amido group NH,. Thus the mode of construction of the proteids 
has been found to show a likeness to that of the complex carbohy- 
drates, and it has long been known that the carbon groups were very 
much alike in both. It further appears that when the proteids are 
digested by any organism they break down into these fragments, of 
one sort and another, the amido-acids, the amides, etc., which may 
be put together again in new form to constitute the peculiar pro- 
teids of that particular organism. We may thus get one proteid 
out of any other by the breaking up of the complex molecule and the 
rearrangement of its constituent fragments. This fragmentation is 
readily accomplished by the proteolytic enzymes, which probably 
act on these bodies as the diastases do on carbohydrates. 
OXIDATION. 

The second important line of progress has been in the study of 
the oxidation of carbon compounds at low temperatures. For our 
purpose the important facts, which have only recently been developed, 
are that the oxygen of the air does not combine directly with carbon 
or with carbon monoxid to form CO,, or with hydrogen to form 
H,O, as has heretofore been supposed. 

As long ago as 1893 D1xon’s researches? on explosive gases 
showed that molecular oxygen was by far the most effective of the 
atmospheric gases in retarding combustion. This surprising result 
could not be interpreted then, and only in the light of TRAuUBE’s 
theory and the studies of BONE and others® on the oxidation of gases 
like methane and ethane at low temperatures, has it been possible 
to picture the mechanism of such combustion. This has been done 
by ARMSTRONG,? who holds (with TRAUBE) that the substances do 


7 The rate of explosion in gases. Phil. Trans. Roy. Soc. London A. 184:97-188. 


1892. 

3 BONE and WHEELER: The slow oxidation of methane. Trans. Chem. Soc. 
London 81:535-545. 1902; 84:1074-1087. 1903. 

BONE and STOCKINGS : Slow combustion of ethane. Trans. Chem. Soc. Lon- 


don 85:693-727. 1904. 
9 Retardation of combustion by oxygen. Chem. News 90:25. 1904. Mechan- 
ism of combustion. Trans. Chem. Soc. London 83:1088. 1903. 
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not undergo direct oxidation but hydroxylation, 7. e., its hydrogen 
atoms are successively replaced by hydroxyl radicles, with conse- 
quent splitting into various intermediate products, such as carbon 
monoxid and hydrogen peroxid, carbonic acid and water being the 
end products. ARMSTRONG says: 

There is little reason to suppose that changes take place at high temperatures 
in rapid combustions in ways very different from those in which they occur at 
lower temperatures. . . . . The effective operation is not the mere blow due to 
impact or the vibration caused by this in the molecule, but the conjunction of 
compatible molecules and the consequent formation of composite systems within 
which change can occur. In so far as temperature influences the formation of 
compatible systems, either as regards their character or the rate at which they 
arise, temperature has an influence, but probably not otherwise. 

I ask you to notice, then, that the process of combustion is now 
being interpreted in the light of changes like those which have long 
been known in organisms under the name of hydrolysis, and are 
the characteristic mode of action of enzymes. ‘Thus, when starch is 
acted upon by diastase it is probably by repeated reactions between 
water, dissociated into hydrogen and hydroxyl groups, and oxygen 
in other words, by continued hydroxylation—that it becomes ready 
to fall apart into a series of dextrines and finally into maltose. Dias- 
tase in some way facilitates this dissociation. Maltase takes up the 
task, and maltose, further hydroxylized, cleaves into two molecules 
of glucose. Then zymase may lend its aid and hydrolyze the glu 


cose molecule into lactic acid, breaking. the latter still further int 


) 
carbon dioxid and alcohol. 

The mechanism of the digestion of starch is not known in detail, 
though the various intermediate products have been fairly well 
studied. The usual assumption made is merely that water com 
bines with the starch under the action of diastase. I have carried 
the theory a little further into detail, as seems warranted by the 
studies of combustion. It is worthy of note also that the late steps 
in the process, the hydrolysis of glucose by zymase, have been desig 
nated by the term “fermentation.” The combustion of starch has 
likewise not been examined, but as the end products are identical 
with those of digestion, it is not at all improbable that the inter- 
mediate steps are the same, though they succeed one another too 
fast to be followed by means at present available. 


I need hardly remind you that our present ideas of the dynamics 
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of chemical reactions forbid us to believe that such dissociation does 
not go on slightly at low temperatures, even when unaided. But it 
is so slow as to be ordinarily beyond our measurement. ‘The enzymes 
seem to be mere accelerators of the several processes, perhaps pre- 
paring ‘‘compatible systems,” as high temperature may do in com- 
bustion; perhaps entering into union with the substance they act 
on and forming compounds which are dissociable at ordinary tem- 
peratures in appreciable amounts. 

The clue to an understanding of respiration has been found, 
therefore, not by comparing it to combustion, which was so long 
misleading, but by assimilating combustion to respiration. We may 
hope that chemists will restrict the term ‘‘combustion”’ or introduce 
a new one that will make more obvious the mode of action. Physi- 
ologists at least will do well to drop “combustion” altogether from 
their vocabulary, as neither the past conception of it nor its probable 
use in the future conduces to clearness of thought. 

NATURE OF ANAEROBIC RESPIRATION. 

The third line of advance has been in a study of the relations of 
fermentation and anaerobic respiration. The first step was that 
long-sought discovery by BUCHNER, that the process of fermentation 
by yeast is brought about by the action of an enzyme which breaks up 
certain hexose sugars into carbon dioxid and alcohol. But a further 
step in advance has lately been taken. It appears from the work of 
3UCHNER and MEISENHEIMER’® that the alcoholic fermentation is not 
direct, but that it occurs always in indirect fashion, as shown below: 





CHO OH COOH COOH OH co, 
OH -——- 
CHOH CHOH CHOH H CH,OH 
CHOH H CH, CH; CH; 
H oa — 
CHOH OH CO OH COOH OH CO; 
OH — 
CHOH CHOH CHOH H CH,OH 
CHZOH °H CH, CH, CH, 
H 
glucose water hypothetical 2 mols. lactic carbon dioxid 
substance acid ethyl alcohol 


10 [jie chemischen Vorginge bei alcoholischen Girung. Ber. Deutsch. Chem. 
gang 


Gesells. 37:419-428. 1904. 
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STEPANEK has reached the same conclusion,’ and MAz&'? has found 
acetic acid as an intermediate product in alcoholic fermentation by 
a different yeast. The interest of the discovery that inactive ethy- 
lidene lactic acid is the intermediate substance in this process of 
fermentation lies in the fact that one of the two acids of which that 
is composed namely, d-ethylidene lactic acid, or sarcolactic acid, 
is formed as a product of respiration when proteids break down in 
the working, fatigued, or dying muscle. FLETCHER observed this 
as a More prominent product of contracting muscles than carbon 
dioxid itself. Thus a regular product of fermentation is also formed 
in the ordinary course of respiration. 

The analogy between anaerobic respiration and fermentation had 
been suggested early—even by PASTEUR—and has thus been growing 
closer with each added bit of knowledge But the precise way in 
which the destruction of the living substance went on in anaerobic 
respiration was still unknown. Fermentation had been shown to 
be due to an enzyme. Was anaerobic respiration also due to an 
enzyme ? 

Of course, enzymes are known to be present in a great many of 
the parts of plants, and the oxidizing enzymes seemed to be the sort 
to be sought. But none seemed to answer the conditions. At last, 
however, the object appears to have been attained. STOKLASA, in 
a series of papers published in various journals,'? but all dealing with 
the same general problem, declares he has found in various tissues 


of animals, and in considerable number of plants, an enzyme analo- 


Ueber clit aeroln und anaerobe \tmung det Kier Centralbl. Phy iol 18 

188-205. 1904. 

2 Utilization du carbone ternaire Ann. Inst. Pasteur 18: 277-303. 1904. 

3 STOKLASA Identitiit: anaerob. Atmung u. Girung Oesterr. Chen Zi 
1QO3 Not seen 

STOKLASA, JELINEK, and ViTEK: Der anaer. Stotfwechsel der héh. Pl. und se 
Bezeihung z. alcoh. Garung. Beitr. z. Chem. Physiol. u. Path. 3:460. 1903 

STOKLASA and CERNE: Tsolic rung des die anaer. Atmung der Zelle der héh 
rg. Pfl. und Tiere bewirk. Enzvm«e Ber. Deutsch. Chem. Gesells. 36:622-634 
1902. 

Ueber die anaer. Atm. der Tierorgane u. ber die Isolicrung eines giirungs 
erregenden Enzymes aus dem ‘Tierorganismus. Zentralbl. Physiol. 16:652-658 
IMO. 

STOKLASA Ueber die Atmungsenzyvme. Ber. Deutsch. Bot. Gesells. 22: 358-261. 
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gous to BUCHNER’S zymase, and like it glycolytic. ‘This enzyme he 
reports in leaves and roots of beet, tubers of potato, seeds, seedlings, 
and young plants of pea, seedlings of barley, and entire plants of 
Paris quadrijolia. Confirmatory results have (naturally enough) 
been obtained by several students or assistants who have evidently 
been engaged upon portions of the problem under the guidance of 
STOKLASA. It is only fair to say that MAz& has strongly criticised 
STOKLASA’s methods from the bacteriological side, and declares 
himself unable to secure like fermentation under aseptic conditions ;"4 
though SToKLASA claims to have guarded carefully against infection 
and to have rejected contaminated cultures. Independently, Mazt 
has found what he calls zymase, in connection with pea seedlings, 
Aspergillus and Eurotiopsis. He declares it “‘an enzyme normal to 
all plants, arising like all other enzymes during vegetative (aerobic) 
life.’ In the higher plants, however, and in most fungi it “‘is oxi- 
dized with the greatest ease, so that one never finds more than a 
trace of it.” 

Maz&é and STOKLASA interpret their results somewhat differently, 
Mazé holding the process of fermentation to be a nutritive one,*’ 
sugar being only assimilable when fermented and the nascent alcohol 
thus made available, while STOKLASA believes fermentation to be 
merely anaerobic respiration and essentially a process for the imme- 
diate release of energy. 

Confirmation comes also from another source, for GODLEWSKI,'° 
working with lupines, finds similar products, and concludes that their 
“anaerobic respiration is identical with alcoholic fermentation, of 
at least in essence dependent on it.” 

Moreover, KostyrscHew'? and Maximow'® have found in 
Aspergillus an enzyme which is analogous to zymase and is responsible 

'4 Various papers in Annales Inst. Pasteur 18: 1904 

1S JWANOWSKY in 1894 propounded the theory that alcoholic fermentation is a 
pathological case in the nutrition of veast, called forth by the abnormal composition 
of the nutritive medium. 

16 Weiterer Beitr. z~ Kennt. der intramol. Atmung. Bull. Acad. Sci. Cracovie 
1904:115-158. See also his earlier paper with PoLtzentusz. Bull. cit. April 1901 

17 Ueber Atmungsenzvme der Schimme!pilze. Ber. Deutsch. Bot. Gesells. 22: 


7 2T Ss TQO}4. 





8 Zur Frage iiber die Atmung. Ber. Deutsch. Bot. Gesells. 22:225-235. 1904. 
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for the formation of CO, whether in aerobic or anaerobic respiration. 

Thus several independent observers are testifying to the rather 
widespread occurrence of an enzyme which brings about a disruption 
of plant substance, under most varied external conditions, whether 
the plant be fed on one food or another,'® this dissociation resulting 
in the formation of carbon dioxid and of various other products. 


THE MECHANISM OF RESPIRATION. 

Let us now focus the light coming from the chemistry of proteids, 
the mechanism of combustion, and the physiology of respiration, to 
form a picture of what goes on in the body. 

First: We should conceive of the respiratory dissociation as taking 
place in the living material of the body and not in a food still unassimi- 
lated. Experiments with a wide range of foods have shown that 
they affect the intake of oxygen and the output of carbon dioxid in 
the most diverse ways, whence it has been assumed that the respira 
tory ratio varies because of the way in which the given food is oxidized. 
I do not say that it is not possible for the protoplasm to decompose a 
sugar directly or to oxidize a fat. But it must be remembered that 
in no case has it been experimentally proved that the food 7s directly 
attacked, and that all the facts can be explained on the other assump 
tion, and some of them very much better than on the theory of direct 
oxidation. Moreover, the lability of proteids which have been raised 
to the life-level is their most striking characteristic as contrasted 
with their ordinary stability. 

In such labile material the second step is casily conceivable. 
There occurs a shifting of the atomic groups within the molecule, 
perhaps as a result of the last step in their anabolism—the addition 
of hydroxyl groups from the water everywhere present.  Dissocia 
tion follows necessarily; very slow perhaps at ordinary temperatures 
and with a scanty supply of water, yet sufficient evidently for the 
maintenance of life. Such conditions may very well be those obtain 
ing in resting organs, spores, and seeds. But normally this cleavage 


may go on at a measurable rate, without anything more than the 


19 See a paper by KostyTscHEW which has just come to hand (Ueber die normal 
und die anaerobe Atmung bei Abwesenheit von Zucker. Jahrb. Wiss. Bot. 40:563 
592. 1904), showing the erronecousness of DIAKONOW’s idea that anaerobic re a 
tion is only po ible when sugar is supplied. 
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inevitable dissociation when hydroxylation has progressed to a certain 
point. It seems, however, that there is generally—perhaps always— 
a hastening of this process, and that the highly unstable protoplasm 
is dissociated so rapidly that it liberates not only the energy imme- 
diately utilized in growth, movement, etc., but also an excess suffi- 
cient to be easily measured by so coarse an instrument as the ther- 
mometer. Catalytic agents like the enzymes are certainly (1 think 
[I may be permitted so strong an assertion) the usual accelerators. 
And it is highly probable that an enzyme identical with zymase or 
at least analogous to it, is an active though secondary agent in this 
acceleration. It may very well be also that those changes outside 
the protoplast (whether without the organism or not) that are called 
stimuli accelerate still further the katabolism, even to an explosive 
speed in some cases. 

This primary dissociation may plainly be independent of free 
oxygen, though it is hardly conceivable that there will not be some 
oxygen present unless the plant has grown under most unusual con- 
ditions, which one can scarcely realize experimentally. The products 
of this decomposition are not sufficiently known, nor is their precise 
character important for our discussion. Among them are certainly 
the more complex amido-acids, carbon dioxid, and alcohol. 

Third: Up to this point the respiratory processes are quite alike 
whether the plants grow in the air or apart from it. If sufficient 
oxygen be not present, the disruptive processes may reach an equilib- 
rium, just as an electrolyte practically ceases to pass a current of 
electricity unless a depolarizer be present. So in the hydroxylation 
of proteids, there is needed some substance to disturb constantly, 
in one direction or another, the equilibrium that tends to be reached. 
The common agent in this is oxygen. Of course, oxygen can hardly 
be the only depolarizer that can promote further action. Thus, 
MaAz& found the presence of levulose conduced to the continued evo- 
lution of carbon dioxid in the absence of oxygen, and it is quite possible 
that levulose took up the réle of depolarizer, though MAz&é does not 
so interpret his observation. 

In anaerobic respiration insufficient oxygen is supplied. Its pro- 


ducts that have been most observed, and are therefore (though doubt- 


less groundlessly) counted its characteristic products, are carbon 
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dioxid and alcohol. Indeed, lactic seems an equally characteristic 
though transient product. The fact that hydrogen has also been 
often recognized among them supports the interpretation of the 
function of oxygen just suggested, and accords thoroughly with the 
theory of hydroxylation. In that process hydrogen atoms from the 
dissociation of water would be left free in case there was insufficient 
oxygen to form H,O,. 

Fourth: But if the organism can get an adequate supply of oxy 
gen, the katabolism continues, some of the most complex previous 
products breaking up by hydroxylation and thermal cleavage. 
Among the fragments are undoubtedly some that lose in part those 
very groups in which sugars, alcohols, fatty acids, etc., are peculiarly 
rich. ‘These are rebuilt at the expense of such foods, which there 
fore disappear as a result of respiration. That ethyl alcohol does 
not persist when oxygen is present may mean either that it is decom 
posed, or that in its nascent state it is assimilated in the rebuilding 
of proteids, for we have seen how easily acetic acid, one of its oxida 
tion products, can be converted into an amido acid, glycocoll, and 
be thus in direct line for reconstructive metabolism. 

This, in its fundamental features, is the theory I have presented 
in lectures to advanced classes since 1898, though always as more or 
less a speculation. For various details 1 am indebted to the recent 
literature, already cited. Because it is capable of explaining the 
observed facts, which are now sufliciently numerous to demand a 


coherent explanation, I conceive it to be entitled to the dignity of < 
theory. ‘Time forbids the discussion of details, and many points 
have been considered that cannot be here presented. 

This theory maintains the direct relation of aerobic and anaerobi: 
respiration, whose genetic connection was long since advocated by 
PrerrerR. Anaerobic respiration is the primary process in all organ 
isms. Whether acrobic respiration occurs or not depends upon the 
availability of oxygen. The relation of fermentation to the process 
is not wholly clear; for although fermentation gives rise to the same 
products as anaerobic respiration, this may depend in part upon 
respiratory decompositions, such as have been described, and in part 
upon digestion, which, as IWANowsky and MaAzf& think, render the 


alcohol from sugars available for assimilation. I am inclined 


Lo 
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believe that in fermentation we deal with an exaggerated anaerobic 
respiration, the active ferments being plants in which zymase is 
produced in such amounts that it can attack sugars outside the organ- 
ism, and thus secure sufficient energy with a minimum destruction 
of the protoplasm. 

ENERGESIS. 

Finally, I may suggest that for didactic purposes it is desirable 
to have a word other than ‘“‘respiration” to designate the disruptive 
processes by which energy is released, leaving “respiration” to 
designate the more superficial phenomena of aeration with which 
plant physiologists are but little concerned. Perhaps the word 
“respiration” is already too firmly imbedded in literature to be so 
limited. It will at least do no harm to propose that the terms 
“aerobic and anaerobic energesis” be considered, to which “fer- 
mentative energesis” may be added if necessary. 
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THE FORESTS OF THE FLATHEAD VALLEY, MONTANA.! 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 
LXVII. 

HARRY N. WHITFORD. 

(WITH MAP AND TWENTY-THREE FIGURES) 

INTRODUCTION. 

THE factors concerned in the grouping of plants are classified by 
SCHIMPER? as climatic and edaphic. When the climate of any region 
is such that a particular form of plant is favored, in most instances 
it gives character to the vegetation. For example, in the eastern 
United States the climate favors the tree form and gives rise to a 
“forest formation.” If the grass form predominates, however, a 
“prairie formation” is the result. Again, if the climate be such that 
the cactus form gives the tone to the landscape, the “ desert formation” 
is developed. ‘Two such formations are shown in jig. 1, which is a 
view of a portion of the Flathead valley looking west from a high 
mountain. In the distance on the west side of the valley is a prairie 
formation; on the east side is a forest formation. 

However, if one stands on a mountain top and looks down into 
these formations, he will observe that isolated areas in the forest do 
not contain trees, but may have a prairie, a swamp, a clearing, or a 
heath. The prairie formation may contain forests along streams or 
on protected hillsides. Also, in the forest formation there may be 
areas occupied almost exclusively by one, two, or more species of 
trees; while at a little distance there may be another area with entirely 
different trees. In other words, the composition of the forest 
changes from place to place. To distinguish these local groups 
from the general climatic grouping, SCHIMPER has called them 
“edaphic formations.” By other authors they have been called 
“plant societies,” “plant associations,” or merely “plant forma- 

t This paper is based on work as a collaborator in the U. S. Bureau of Forestry, 
to which acknowledgment is here made for permission to publish. 

2 ScHIMPER, A. F. W., Plant geography upon a physiological basis (translated 


by FISHER) 159-161. 1903. 
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tions.”3  J*7g. 1 will also illustrate these smaller groups. In the 
foreground may be seen a pond which contains its characteristic 
plants; to the right of this a meadow; and between the pond and 
Flathead Lake a local prairie. These are in the forest formation. 
While the soil factors determine primarily the variety of the plant 
landscape, other factors must be taken into consideration. In this 
paper, however, the convenient term “edaphic formation”’ will be 
used. 

Cow Les* was the first to show clearly that plant societies are 
not static, but dynamic. In brief, his contention is that the plant 
society changes with the physiographic changes that are constantly 
going on. In a former papers I have attempted to correlate the 
various plant societies found in northern Michigan. In that study 
it is shown that the region lies in a deciduous forest formation, and 
that while the coniferous forest societies are present in the more 
xerophyti¢ conditions, there is a tendency for them to be replaced 
by the climax society, the beech-maple combination. The present 
study, made in a region with a somewhat different climate, was 
undertaken to determine whether the various plant societies could 
be correlated in the same way. For this purpose a general survey 
was made of the Flathead valley, and a portion of it was selected to 
study in closer detail. No attempt was made to study the con 


ditions in the higher altitudes where a different climate prevails. 


PHYSIOGRAPHY.' 

There exists a close relation between the development of the 
physiography of a region and the life history of its forest formation; 
hence the necessits of describing the topographic features of the 
Flathead valley. It is a well-defined physiographic unit, situated 
in the northwestern part of Montana, about long. 114° 30° W. and 
lat. 47° 30’-49° N. (fig. 2). The altitude of the valley is approxi 


/ 
3 For a discussion of the ject ee Cowes, H. C., The physiographic ecolog 
of Chica dy it Bor. GA 31: 74-76. 1 
4] } 75 S, 145-18 
Wutrrorp, H. N., The genetic development of the forests of northern Mich 
MOT. GAAZETTE 31: 289-325. 190! 
6 See ELrop, M J . The phi slogr iphyv of the Flathead Lake regior | iver 


of Montana Bull. 17: 197 
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mately goo™, and it extends from the Canadian boundary about 

160*™, a little to the east of south, to the low Jocko Mountains. A 

number of mountain ranges form its western border, and the front 

range of the Rocky Mountains with sub-ranges lie directly east, the 
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Map of northwestern portion of Montana, showing the general location 
of Flathead valley.—After ELrop. 


valley varying in width from 16 to 40%". The portion lying south 
of Flathead Lake is known as the Mission valley. That part with 
which this paper deals more especially is found in the region border- 
ing the northeastern shores of Flathead Lake (fig. 3 and map). 
The main drainage system of the valley consists of the Flathead 
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Lake; its principal inlet, Flathead River; and its outlet, the Pend 
d’Oreille River. Flathead River is formed by the confluence of 
three branches known as the North Fork, South Fork, and Middle 
Fork, all of which rise in the Rocky Mountains. These flow for 
their entire course in valleys in the mountains and unite to form the 
main river near Columbia Falls. The Stillwater and Whitefish 
Rivers are the principal branches that lie in the Flathead valley. 
For about the lower half of its course through the valley, the Flat- 
head River is a broad, sluggish, navigable stream that is constantly 
depositing sediment. Especially is this the case at its mouth, where 
a delta about 3*™ in length has been formed (fig. 4). 

Flathead Lake (jig. 5) is some 4o*™ from north to south and 
varies in width from 10 to 20*™, its altitude being 890™. It is a 
remnant of a former lake of much greater extent, which probably 
covered a large portion of the valley at its head. An old outlet 
near Dayton (fig. 3), some 120™ above the present level of the lake, 
and terraces at approximately the same height, indicate the former 
distribution of the waters of the lake. The Pend d’Oreille River 
(figs. 5, 6), the present outlet, has cut its way through a huge moraine 
at the foot of the lake. This moraine no doubt acted as the dam 
that backed up the water over the low valley lying to the north. 
The river rapidly cut its way through this moraine until its present 
condition was developed. This erosive process is going on much 
more slowly today because the river channel has reached bed rock. 

The Mission Range lies to the east of the lake and the Mission 
valley. This is a distinct range separated from the other mountains 
on the east by the Swan River vailey. It has an altitude of approxi- 
mately 2750™ at its southern end. From this altitude the mountains 
become gradually lower until near the north end of the lake, where 
they merge imperceptibly into the valley. The Swan River valley 
opens into the Flathead valley where these mountains end (map and 
fig. 1). It is in reality only an arm of the latter, and during the time 
of the greatest extension of Flathead Lake the water probably backed 
up into this valley and formed an embayment. As the Pend 
d’Oreille River cut its way through the moraine at the foot of Flat- 
head Lake, the level of the water in this embayment was lowered. 


But some time before the present condition was reached, a moraine 








WHITFORD 


FORESTS OF 





FLATHEAD VALLEY 





° 
uw 


on 
1 


nN 


oe 


seen in the distance; 
ion: in the center and on 


ao 





been nearly destroved by fire. 


os tens ey 
as > 
— aa S. 
_ f 
Af 


1g 


>: 
? 


wrthern 


bevond I] 


sion Mountains; 





- 
Que 
2 f 
+] a 


west from Mission Mountains 
of Swan 


r 
4 


wn of Big Fork near the mouth 


fp 
ae 
“oO 


the left is the forested region on the west slope s of the 


ELROD. 


otograph by 


] 








mg _ a a 


‘aouty <q ydesZojoyd worq—g Sy ut uaas st yorya Jo yued & “DANY I[IEIO,P pudsd Jo JpINO dy} Ye] ay} 0} fuoTsoI 


pojsoroy oy} JO Suruutsoq oy} YAvW spuvyst oy} fyWou ay} 0} Suloq uotiod Jajveis ayi ‘sted yenboun OM} OUT AYP] ay} SuIptArp 





SIP out ul + puo yin se oure le 1} Yi D D oye’ le ; ‘OI 





pue sso. Vv A]Avou Buys SpuePst Jo ult YIVvoa 





[ FEBRUARY 


‘AL GAZETTE 








~ 
i 
Ny 
>. 
<a) 
| 

Se | 
Oo 
- 

- 

wy - rake sich alla jest at ee a al 








+. 


1905] WHITFORD—FORESTS OF FLATHEAD VALLEY 107 





g 


the river has cut through moraine shown in jig. 


> 
L. 
f 
= 
= 
oo 


present outlet of Flathead Lake; 
lake was lowered, and the 


the 


Pend d’Oreille River, 
level of the 


inel was eroded the 


ID. 











‘ 19 
ST MOpBoll Oy} uC OF doNAdS UULWIODUsy OY} ST dso) NO .Sdsst1o 


‘ [ ; ‘nuarpl pudn oav ssoqeam Jodsep out ut fay ssoy jo pus YyINos oy} Wo YWou SUTYOO'T 
paand and viuaspag ‘puarpp Apydn Ny 9av S19} I | I 
: ” . ras i * 


| FEBRUARY 


GAZETTE 


"AL 


= 
es 


BOT 


FONE Gen lbbint a 








1905] WHITFORD—FORESTS OF FLATHEAD VALLEY 10g 
was probably thrown across the mouth of the Swan valley, and 
thus its connection with the main lake was cut off. A gap in the 
Mission Range offered a favorable place for the water thus cut off 
to make its escape. This outlet, of course, marked the beginning 
of that portion of the Big Fork River known as the ‘‘rapids” (map). 
Just as the present condition of the drainage system of Flathead 
valley is only a stage in the history of the destruction of the former 
enlarged Flathead Lake, so the existing drainage system of the Swan 
valley is only a stage in the history of the destruction of the former 
more extended Swan Lake. This system consists of Swan Lake; 
its inlet, Swan River; and its outlet, Big Fork River. Swan Lake 
is a body of water some twelve miles long and, except at its upper 
end, very narrow. It passes almost imperceptibly into the Big Fork 
River. ~ This is a meandering stream which with its branches drains 
the valley and the mountains lying to the east and west of it. With 
the exception of small rapids here and there, and that part of it known 
as the “rapids,” the river is a rather sluggish stream. The valley 
jig. 8) is approximately 945™ above the level of the sea. The Swan 
Range of the Kootenai Mountains rises abruptly from the east side 
of the valley to an altitude of from 1800 to 2200™, and the Mission 
Mountains border the valley on the west. 

Such, in brief, are the main features of the physiography of the 
Flathead valley and its arm, the Swan valley. More detailed 
peculiarities will be noted in connection with the discussion of the 
edaphic formations; for, as will be shown later, there is an intimate 
relation existing between the destruction of the two lakes and the 
development of the plant formations that are found in the valleys. 

GEOLOGY. 

Flathead valley is not, as one would suppose, an erosion valley, 
but according to WILLIs? it is due to a fault resulting in the down 
throw of the region of the valley and an uplift of the region of the 
present Rocky Mountains. The northern Rocky Mountains con 


sist of limestones, quartzites, and siliceous argillites about 2750’ 


thick. During pre-Cambrian times the whole was under water. 


At the beginning of the Cambrian age an uplift brought it above 


7 Wits, Battery, Structure of the front range, northern Rocky Mount 


Montana. Science N.S. 15:86 S7. 19 
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water, and during all the Palaeozoic and part of the Mesozoic the 
pre-Cambrian rocks were subjected to subaerial erosion. A move- 
ment at the close of the Jurassic again brought the sea over it. Then 
Cretaceous sediments of considerable thickness were deposited upon 
pre-Cambrian limestone and quartzite. In post-Cretaceous times 
a fold was overturned to the northeast. Some time in the Tertiary, 
probably during the Miocene, the faulting mentioned above occurred. 
The rocks tilt as a rule to the southeast, the northwest fault face of 
the rocks being very steep. 
SUMMARY. 


1. The Flathead valley is due to a fault, and is technically known 


tI 


a rift valley. 

2. The greater part of it was formerly occupied by a lake. 

3. The present drainage system of the valley consists of the Flat- 
head Lake, the Flathead River and its branches, and the Pend 
dOreille River. 

4. The Swan River valley, an arm of the Flathead valley, has 
for its drainage lines the Swan Lake, the Swan River, and the Big 
Fork River with its branches. 

5. These drainage systems are remnants of the former more 


extensive lake that occupied the valleys. 


I. CLIMATE OF FLATHEAD VALLEY IN RELATION TO CLIMATIC 
FORMATIONS. 

It has already been shown that the climate determines the general 
plant formation of a region. It is important, then, that the elements 
of the climate be analyzed thoroughly, and it should be pointed out 
at the same time in just what way these elements affect the distri- 
bution of plants. In order to obtain a better understanding of the 
true relation of the forests of this valley, its climate will be com- 
pared with that of the northern -peninsula of Michigan, where 
both deciduous and coniferous forests are found; and with that of 
the Puget Sound region, where the coniferous type of forest reaches 
its highest development. 

There are meteorological reports from two stations in the Flat- 
head valley. These reports, though meager in some particulars, 
will give a fair idea of the climatic conditions found in a prairie 
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formation and in a forest formation. The data collected from 
Kalispell, Montana, cover a period of from four to five years. This 
station is located in the prairie region of the valley. From a station 
at Columbia Falls partial meteorological data were obtained that 
will give an idea of the climate of the forested portion of the valley. 
Marquette, Michigan, was chosen as the station to represent the 
climatic conditions of northern Michigan; and Seattle, Washington, 
will stand fairly well for the kind of climate found in the Puget Sound 
region.® 
TEMPERATURE. 

The following table contains the latitude, longitude, altitude of 
the stations, the number of years data have been collected, and the 
mean annual and monthly temperatures (degrees Centigrade) for 
the four stations. 


TABLE I. 
Stations Lat. Long. Alt. |Years! Jan. | Feb. |Mar. April | May | June) July | Aug.| Sept.) Oct.) Nov.) Dec. | Ann 
k B° x0” N. 
ys 14° 25’ W, | 994 —4.0.—4 I I 14 i¢ 1¢ 11 1 
C ] \bout P 946 5 Ss 4.5 ¢ 6 II 14 18 14 I 6 } 
\ jue 7 N 224 9 9 8 9 I 18 I I 7 - 
87° 24’ W. 
ee 28" Ni. re 12 a & I 12.5] 35.5] 17.5] 197.5] 1 I 5 7 ( 
20’ W. of > . 2.5 7 5 5s) 7 ) 


The significance of these figures will be clearer when it is known 
just how the temperature influences the various physiological pro 
cesses. An examination of Table I and jig. g will show that the 
mean monthly temperatures during the growing season is rather 
low as compared with regions farther south; also, during the months 
of May, June, July, August, September, the.means for the four 
stations are not far apart; so that any difference in the type of 
vegetation in the four stations cannot be accounted for by differences 
in temperature during the so-called growing season. If the temper- 


The data given in the tables below were obtained from the following gentlemen 


1 charge of the stations at their respective cities: Kalispell, Mont., H. B. Dick; Mar 

iette, Mich., H. R. Parrick; Seattle, Wash., G. N. SALisBury. The figures for 
Columbia Falls, Mont., were obtained from the Climate and Crop Service Bulletin 
if Montana for 1900 and 1go01. No sunshine records are kept at Marquette, so those 


from Escanaba, Mich., are taken to represent northern Michigan in that particular. 
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ature has anything to do with the difference in the character of the 
vegetation, it must be the temperature of the non-growing rather 
than of the growing season. 

It is too often assumed that during the non-growing season physio- 
logical processes of plants are inactive.? Of course, this is true of 
growth; indeed, growth is checked and ceases rather early in the 
season; but photosynthesis is known to occur during the winter 
months. Experiments by MryAKE'° show that this process is active 
at temperatures in the neighborheod of o° C. Among the evergreen 
leaves experimented upon were species of pine and spruce. One 
of MiyAKeE’s conclusions is that starch is formed in winter, though 





hic. g.—Comparative temperature for Seattle (———), Kalispell 


Columbia Falls ( ), and Marquette ( -—- - the figures are temperature 
Centigrade; winter temperature for Seattle comparatively high, for Marquette low, 
for Kalispell and Columbia Falls intermediate; summer temperature for all stations 


me arly the same. 


in small amounts, and its translocation occurs in the same season. 
His work was conducted at Tokyo, Japan, where the mean tem 
perature of the three winter months is as follows: December, 5.1° C.; 
January, 2.7°C.; and February, 3.5°C. If trees can do photosyn 
9 MERRIAM says that ‘tin computing the sum of the positive or effective tempera 
tures a minimum of 6° C. has been assumed as marking the inception of the period 
of physiological activity in plants and of reproductive activity in animals.” MERRIAM, 


C. Bees 


Biol. Survey, Bull. 10: 4, note 2. 1808. 


e zones and crop zones of the United States U.S. Dept. Agric., Div 


MIvyAKE, K., On the starch of evergreen leaves and its relation to photosvn 


thesis during the winter Bot. GAZETTE 33: 321-340. 1902. 
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thetic work in the climate of Tokyo during the winter months, it is 
possible that more food is manufactured by the trees in the Puget 
Sound region, where the temperature is even higher than at Tokyo. 
If this be the case for the winter months, it will be even more so for 
the early spring and late fall months, when the mean temperatures 
at Seattle are as follows: March, 7.22°C.; April, 10° C.; October, 
10.5° C.; and November, 7° C. 

The evergreen trees, however, in a climate like that at Marquette 
would not be able to do so much work during these months, for the 
temperature is very much lower. In other words, in a climate with 
warm winters like that at Seattle, the evergreen trees can work more 
or less during the winter, early spring, and late fall months; while 
in a climate like that at Marquette, where the mean temperature is 
considerably below the freezing point during the winter months, 
this work would be very much checked if not stopped altogether. 
As one would expect, from this standpoint, the conifers would be 
more successful in the Puget Sound region than in the northern penin 
sula of Michigan. The conclusion that is reached from the forego- 
ing is that, other things being equal, an equable distribution of heat 
is favorable to conifers. A reference to the temperature conditions 
in the Flathead valley will show that the climate is more equable 
than that at Marquette, but not so equable as that at Seattle. The 
coniferous forests are better developed here than at Marquette, but 
are not nearly so luxuriant as at Seattle. From the standpoint of 
carbohydrate manufacture, the deciduous trees are little or not at 
all atfected by the temperature conditions of the non-growing season, 
for their leaves are absent, and consequently photosynthetic work 
is very much reduced. 

A comparison of the temperature conditions at Kalispell and 
Columbia Falls shows a little difference, the latter being slightly 
colder. While this difference may affect herbaceous vegetation, it 
would likely have little or no effect on the forests; so the fact that 
there is no forest at Kalispell, while there is one near Columbia Falls 
will have to be explained on other than temperature grounds. 

Transpiration, which also takes place during the non-growing 


season, will be discussed in another connection. 
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RAINFALL. 

The greatest danger to trees is an excessive loss of water, and 
therefore the rainfall of a region is very important. It will be pointed 
out later how the conservation of this water supply influences the 
character of the forest. Other things being equal, the greater the 
amount of rain that reaches the earth, the more luxuriant the vege- 
tation, ‘The mean monthly and annual rainfall for Kalispell, Colum 
bia Falls, Seattle, and Marquette are as follows, the amounts being 
given in millimeters: 


TABLE I] 


ition Jan. | Fel Mar. April) May | June July  Aug.| Sept.) Oct. | Ne Dec. | Ann’ 


kK Is} 1 1 I 60 } ] 1s 19 
} 
( 1 ia | 18 S ( of | I s j 
M l 4 17 t ( SO 7 0 5 9 5 
~ 1it 4 ) 2 S 1 i4 1 ( I 5S 


The difference in the amount of rain on the west and east sides of 
Flathead valley no doubt explains the difference in the types of vege 
tation in these two situations. It has already been shown that there 
is only a slight difference in the amount of heat at the two situations. 
It is very probable that the other elements of climate—light and 
velocity of wind—are about the same for the two places, although 
there are no data to prove this. It must be remembered that the 
towns are only thirteen miles apart, but the difference in rainfall is 
r28™™, It is believed that this difference is sufficient to make a 
forest vegetation at Columbia Falls and only a prairie vegetation at 
Kalispell. Kalispell is well out in the valley, while Columbia Falls 
is at the base of the mountains. The rain-bearing winds from the 
west sweep across the high mountains west of the valley, where they 
lose a considerable portion of their moisture, and then descend into 
the valley where the higher temperature they encounter enables 
them to hold more moisture. This is liberated, however, when the 
winds bank up against the cool mountains east of the valley. Thus 
the west side of the valley probably has a rainfall of 4oo™™ or less 
and is not able to support tree growth except along streams; while 


the cast side has a rainfall of from goo to 543™™, a sufficient quantity 
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to enable forests to exist. It is very probable that farther to the east 
in the mountains there is a still greater quantity of rain. At least 
the character of the vegetation would suggest that this is the case, 
for here the forest growth approaches in luxuriance that of the Puget 
Sound region where the rainfall is much greater. 

A comparison of the rainfall in the valley with that of the Puget 
Sound region and of the northern peninsula of Michigan will lead 
to some interesting conclusions (Table II and jig. 10). In this com- 
parison the data at Columbia Falls will be used rather than those at 
Kalispell, for reasons that are at once apparent. The character of 
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Fic. 10.—Comparative rainfall for Seattle (- ), Kalispell ( ), Colum- 
bia Falls (——-—— -), and Marquette (-—--—--—); the figures are millimeters of 


rainfall; summer rainfall highest at Marquette and exceedingly low at Seattle; in 
winter rainfall the reverse is true. 

the distribution of the rainfall is of considerable importance. Thus 
at Marquette and Columbia Falls the rainfall is more or less evenly 
distributed thoughout the year, with the five warmest months, May, 
June, July, August, and September, having about half of the mois- 
ture. Thus these five months at Columbia Falls show a fall of 274™™ 
out of a total of 543™™"; and at Marquette 414™™ out of 823™™. 
On the other-hand, Seattle with its total of 945™™ has only 202™™ 
during these months. It is a well-known fact that the broad-leaved 
deciduous trees evaporate more moisture during the summer months 
than do the narrow needle-like leaves of the conifers. It is very 
possible that the 202™™ at Seattle and even the 274™™ in the Flat- 
head valley are not sufficient to maintain the broad-leaved deciduous 


trees in these climates. In any event, they are absent in the two 
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regions, except along water courses, and are present in the Marquette 
region where they are more successful than conifers. 

| The winter distribution of rain is of extreme importance, especially 
to those trees that hold their leaves, for KusANo' has shown that 
evergreen leaves transpire considerably even at temperatures below 
freezing. While there are no data to show whether the bare twigs 
of deciduous trees transpire more or less than those of conifers, yet 

a priori it is very likely that they give off less moisture, for they have 


less surface. If this be the case, conifers are more in danger of 
ob 


desiccation during the winter months than deciduous trees; for even 
| though the amount of evaporated moisture is slight, it must be remem- 
bered that the ground may be cold or even frozen, and that absorp- 
tion is thus checked. However, if the rainfall is sufficient and the 
| relative humidity of the atmosphere is high, this danger is less. The 
figures will show that the winter rainfall of the Puget Sound region 
is excessive, while that of the Flathead valley and the northern 
peninsula of Michigan is equal in quantity to the summer rainfall. 
Conifers exist in all three situations. The extensive rainfall in the 
winter months at Seattle must be coupled with the fact that the 
temperature conditions during these and the early spring months are 
| exceedingly favorable to certain physiological processes and account 
| for the almost tropical luxuriance of the trees of that region. 


RELATIVE HUMIDITY. 

The relative humidity of the atmosphere is another factor closely 
associated with the amount of rainfall. The drier the atmosphere 
the greater the transpiration. Other things being equal, the nearer 
relative humidity is to absolute humidity, the less water will the trees 
give off, and the less danger will there be of their desiccation. The 





greater the saturation deficit, the greater the danger of losing water. 
The following table will show the mean monthly deficits of the three 
stations to be considered. Unfortunately there are no data from 
Columbia Falls. 

The high averages of the saturation deficit for July and August for 
Kalispell, together with the small rainfall, probably account for the 


tt KUSANO, S., Transpiration of evergreen trees in winter. Jour. Coll. Sci. Tokyo 
00: 313-306. 1902. 
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TABLE III. 








Stations Jan. | Feb. | Mar.|April | May | June | July | Aug. | Sept.| Oct. | Nov.] Dec. 

By Wwe (22 : : | | 
Kalispell... Ba 16.4] 21.2| 21.5] 30.3] 23.1] 26.1) 44 d 41.2] 22.1] 25.0] 17.6] 14.6 
Marquette. . ee 16.5| 16.4] 19.7] 23.7] 27.0] 27.0] 27.6] 23.3} 22.3] 19.8] 17.5] 17.4 
Seattle.... ; ...]| 16.0} 20.7] 25.0] 29.2] 28.9] 30.9] 32.6] 29.6) 24.5| 18.4] 15.6] 15.5 





prairie condition there and on the west side of the Flathead valley. 
It must be emphasized, however, that the saturation deficit is of 
great importance only in connection with the amount of water avail- 
able in the soil. If the ratio of the water obtained by the tree from 
the soil to that given off is 1:—1, then the tree is in no danger of 
desiccation; if, however, the ratio is —1:1 or 1:1, the tree is in danger 
of desiccation. From this it will be seen that if there is in the 
soil plenty of water that the tree can obtain, there will be tree growth 
though less luxuriant, even though the saturation deficit is high. 
This accounts for the existence of trees along streams even in prairie 
regions. 

A comparison of the atmospheric deficits of Marquette and Seattle 
reinforces what was said concerning the rainfall of these two regions. 
It will be seen that both have a fairly low atmospheric deficit during 
the winter months, thus decreasing the possibility of transpiration 
at a time when the ground is cold. In the Puget Sound region the 
comparatively high temperature renders greater transpiration more 
likely than in the Marquette region, but this is offset by the fact that 
the temperature of the soil is no doubt warm, thus rendering avail- 
able for absorption some of the great amount of water that reaches 
the soil in the form of rain during these months. 

Again, a comparison of the atmospheric deficit data for the five 
growing months of the year shows a uniformly higher deficit for 
Seattle than for Marquette. This coupled with the fact that Mar- 
quette has a rainfall of 414™™ during these months against 202™™ 
for Seattle makes deciduous forests possible in the former region, 
but not in the latter. 

VELOCITY OF WIND. 
Another climatic factor that is likely to play a part in the dis- 


tribution of the forest is the velocity of the wind. Perhaps the great- 
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est influence the wind has on trees is to increase the transpiration, 
and they more than any other form of vegetation are subject to the 
drying effects of winds. Indeed so important does SCHIMPER (pp. 
342-555) think this factor that he considers it influential in bringing 
about the prairie condition. Below is given the mean monthly and 
annual wind velocities for the three stations. Again, there are no 
data for Columbia Falls, but the amount of wind is probably not 
very different from that at Kalispell. The figures are in kilometers 


per hour. 
TABLE IV. 


Jan. Feb. | Mar.|April | May | June) July | Aug. | Sept.) Oct. | Nov. Dec. | Ann‘ 


Kalispell. 7-4) 7-7| 9.5] 10.4] I 10.1! 1 0.6) 9 8.2] 7-2) 9:3 88 
| | | 

Marquette 17.3} 16.1] 16.7] 15.4] 16.2] 12.6] 13.8] 14 16.2} 18.0] 17.7! 18 15.9 

Seattle I 11.1} 10.9] 10.4] 9.5) 9 7.6] 6.6) 7.4) 8 10.1] 10.7] 9.3 


As shown from these figures, one of the remarkable facts about 
the Flathead valley is the absence of excessive wind. It is believed 
that this, coupled with the rather low mean monthly temperature for 
the summer months, is what makes possible so luxuriant a forest, 
with a rainfall of about 500"™. In passing from the east side of 
the Rocky Mountains into the Flathead valley, the decrease in the 
amount of wind is very noticeable. Thus, Kipp on the east side of 
the Rocky Mountains has a normal rainfall of 512™™, yet it has no 
tree growth. Although there are no data to show that there is more 
wind here than in Flathead valley, the fact is very apparent to one 
who has been in the two regions. It is believed that the excessive 
winds prevent the growth of trees, in spite of the fact that there is a 
rainfall of about 517™™, or nearly as much as at Columbia Falls. 

Compared with Marquette the wind velocity of Seattle is low. 
This would again favor a more luxuriant vegetation in the latter 
region than in the former. 

SUNSHINE. 

The more light, other things being equal, the more work trees 
can do. On clear days more food is manufactured than on cloudy 
days. This process can go on, as has been shown, during the non- 


growing season when the temperature is not too low, though the 
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amount of food manufactured then is much less than at higher tem- 
peratures. Light is the least variable of all the climatic elements. 
Possibly for a given altitude and a given latitude the variability is 
not great enough to have much influence on the kind of vegetation. 
However, the sunshine data may prove of importance in comparison 
with other regions. In the table below the mean possible hours of 
sunshine, which would be the same for a given latitude, and the 
mean actual hours are given. The observations cover a period of 
short duration. 
TABLE V. 























JANUARY FEBRUARY Marcu Apri 
Poss. Act. Poss. Act. Poss Act. Poss. Act. 
Kalispell ceseaeess]| 276.2 88.2 286.8 111.8 370.1 180.7 410.4 240.2 
EDR ce cSesateets 283.1 85.3 200.4 120.5 370.3 129.8 407.0 178.4 
EP PEL ON far 66 286.8 103.8 370.1 168.6 410.4 205.2 
May Jun July AUGUST 
Poss. Act Poss Act Poss. Act Poss Act 
Ee eT 471.3 231.4 | 479.8 | 279.6 483.2 | 3604.4 442.5 260.6 
Se 2s triacs | 464.1 163.8 | 471.7 | 218.7 475.7 | 211.5 437.6 230.5 
| | | 
| 
ONE ok wos eoavchec | 471.3 226.9 | 479.8 248.5 483.2 | 301 7 442.5 257.5 
| 
SEPTEMBER OCTOBER NOVEMBER | DECEMBER ANNUAL 
ss | 
Poss. | Act. Poss. Act. Poss. | Act. Poss. | Act. Poss. Act. 
saciaedetithedideedatd barezie Snes eee a | ; ‘ae i i een 
Bid iscs cates Gee te 377-5] 202.5] 335-8] 174.6] 278.0] 73 | 262 1| 49 |4473.7|2262.9 
eer ae 376.1] 149.1| 338.5) 148.8) 284.1] 52.9] 260.6) 61.4 1727.1 
| | | 
eee Leae ea esh see oe 335.8 IIo | 278 40.6) 262 u 45 |4473-7,1959.6 
| | 





In his classification of climatic formations, SCHIMPER (pp. 556- 
565) does not recognize a distinct formation for the coniferous forest, 
placing it in what he calls the summer-green forest (deciduous). 
There is little doubt that he is right so far as the eastern part of the 
United States south of the latitude of Lake Superior is concerned. 
Here, as shown by Cow tes (/. c.) and the writer (/. c.), the conifer- 
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ous forests occur as edaphic formations in the summer-green climatic 
formation. In this region they are xerophytic formations (societies) 
forming a stage in the progression toward the climax mesophytic 
deciduous forest formation. With the wearing down of the xero- 
phytic hills, the filling up of swamps, and the accumulation of humus 
on the sandy plains and hills, the coniferous societies which now 
prevail there will give way to the climax deciduous forest, which is 
the highest expression of a climate similar to that found in the east- 
ern United States.*? 

The Pacific coast district north of San Francisco, and including 
the moister mountainous regions inland, presents a climate entirely 
different from that of the eastern United States. Here, as compared 
with the eastern deciduous forest region, there is a more equable dis- 
tribution of temperature throughout the year, with winter rains and 
excessively dry summers. The forests here are coniferous, with the 
deciduous element occupying only edaphic situations along water 
courses. It is my belief that in some such climate as that found in 
the Puget Sound region the coniferous forest is at its best, the 
deciduous type being unable to compete with it because of the dry 
summers. 

The climate and character of the vegetation of the Pacific coast 
region corresponds more nearly with SCHIMPER’s sclerophyllous wood- 
land (pp. 464-469, 507-540) than they do with his summer-green cli- 
mate and vegetation. Indeed, elements of the sclerophyllous vegeta- 
tion are found in the Puget Sound district, for here such trees as Arbu- 
tus Menziesii show a type of leaf decidedly like that found in climatic 
districts which ScHmMPER has so aptly called sclerophyllous woodlands. 
The sclerophyllous formations are in a climate with winter rain and 
comparatively high and equable temperature. Likewise the Pacific 
coniferous district has winter rains and a comparatively equable 
temperature, that is rather warm winters and cool summers. How- 
ever, the mean average monthly temperature is much lower than 
that of the sclerophyllous districts of the warm temperature belt. 
This is no doubt influential in bringing about the narrow type of 
evergreen leaf rather than the broad type found in the warmer climate. 


12 See SCHIMPER (p. 545) for table showing rainfall of Atlantic forest district and 
Pacifie coast. 
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For reasons given above, it is my belief that ScHIMPER’s summer- 
green climatic formation should not include the coniferous forests 
of the Pacific coast of North America, but that these should be 
separated from it. In order to show its relations to the broad- 
leaved sclerophyllous formation, I would suggest that it be called 
the needle-leaved sclerophyllous jormation. The limits of this forma- 
tion are not clear. While no doubt it reaches its best development 
in the Puget Sound region, this does not prevent its spreading into 
more northerly regions with cooler but still damp winters. Whether 
this type is the climax forest formation in the region north of the 
Lake Superior district, as it is on the Pacific coast, or only edaphic 
formations in the summer-green climatic formation of the United 
States, our present knowledge cannot determine. 

The forests of the Flathead valley clearly belong to the needle- 
leaved sclerophyllous formation, but since they are on the border of 
a prairie climate they are not so good an expression of it as is that 
of the district farther west. 


[To be continued] 














STUDIES IN THE GRAMINEAE. 
VII. MUNROA SQUARROSA (Nutt.) Torr.! 
THEO. HOLM. 

(WITH TWELVE FIGURES) 

Ir often happens that plants which are common and easily avail- 
able are the least studied. Being frequently collected and repre- 
sented in herbaria by almost numberless specimens, such plants 
become so familiar ‘‘by name” that botanists as a rule do not take 
the pains to examine them with much interest or care. 

The steady increase in the publication of cheap systematic works 
in this country is hardly beneficial to the study of taxonomic botany. 
The danger lies in the fact that authors of such works seldom take 
the time to reexamine the plants or to compare them with diagnoses 
of earlier date. It is no surprise, therefore, to discover points of 
great importance mentioned in earlier diagnoses which have been 
totally overlooked or ignored in works of a more recent date. As a 
matter of fact, the older botanists were more careful in examining 
and describing their plants, and their diagnoses, brief as they may 
be, often allude to certain characters which are well worthy of 
notice. A case in point may be illustrated by Munroa, and in select- 
ing this genus as the subject of the present paper, it is with the inten- 
tion of showing that the plant was actually better understood formerly 
than it is now, and that it possesses certain morphological and histo- 
logical characters which have not been observed hitherto and which 
may be of some importance to future research. 

Munroa was first described as a species of Crypsis—C. squarrosa— 
by NuTtraL1, but TorREyY corrected the mistake and established the 
genus.?._ At that time it was considered as belonging to the HORDEAE, 
while it is now generally placed among the FEstucEAE. As described 
by Torrey, the plant is readily recognized, and both the singular 

t Earlier papers were published in this journal as follows: I, June 1891; II, 


August, 1891; III, October 1891; IV, November 1892; V, August 1895; VI, June 
1896; VII, November 1896. 


2 Pacific R. R. Rep. 4:158. 1856. 
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habit and the inflorescence are exceedingly well characterized. 
There is one point especially which has escaped the attention of 
later botanists, namely, that the spikelets are dimorphic in respect 
to the shape of the glumes. It is true that TorREy did not express 
this as plainly as he might have done, but his diagnosis certainly 
shows that he did observe the different structure of the spikelets, as 
shown by the following statement: “In the uppermost spikelet, and 
often in the middle one, these nerves are bearded with long white 
hairs towards the base; but the flowers of the lowest spikelet are 
usually quite naked.” That BENTHAM and HOOKER considered this 
character of some importance is evident from their description of 
the flowering glumes as being ‘‘longe ciliatis v. in eodem fasciculo 
glabris.”’3 But none of the subsequent authors, not even the agros- 
tologists, appear to have noticed this point, and it so happens that 
the genus has been received as a plant of rather ordinary habit, dis- 
tinct from Monanthochloe by ‘‘Spikelets usually in threes, terminal 
in the axils of stiff spinescent leaves which project far beyond them.’’4 

Since TorREY called attention to this slight modification in struc- 
ture of the flowering glumes, it seemed natural to investigate the 
matter further, as it might lead to the discovery of additional charac- 
ters sufficient to attribute a certain degree of dimorphism to the 
spikelets. A careful examination of a large number of specimens, 
studied in the field, revealed the fact that Munroa does exhibit such 
dimorphism constantly, and to a greater extent than hitherto observed. 
The deviation is not only due to the presence of long white hairs at 
the base of the flowering glume in the uppermost spikelet in contrast 
with the others, as first described, but the complete structure of these 
spikelets is quite prominently distinct. As a rule, each inflorescence 
(fig. 1) in Munroa consists mostly of three spikelets, one median and 
two lateral; and when only two are developed, one of them shows 
always the structure of a median and the other that of a lateral 
spikelet. Of the two spikelets here. figured, fig. 2 represents the 
median and jig. 3 one of the two lateral. It is readily seen from 
the drawings that the structure of these spikelets is distinct. The 
empty glumes are very uncqual (figs. 2 and 4) in the median, but 


3 Genera plantarum 3:1180. 1883. 


+ SCRIBNER and SOUTHWORTH, The true grasses. New York. 137. 1890. 
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almost equal in the lateral spikelets (fig. 3); the flowering glume is 
pubescent in both, but in the median there are three distinct nerves 
with a tuft of long hairs at the base (figs. 2, 5, and 6), while in the 
lateral the nerves are not visible, and no long hairs are developed 
(figs. 3 and 7); moreover, the apex of the flowering glume is long- 
awned and distinctly bidentate in the median (figs. 5 and 6), but merely 
emarginate and short-awned in the lateral spikelets (fig. 7). Some 


distinction in regard to texture is also observable, the flowering glume 





\ 

\ 
biG. 1..—Munroa squarrosa.-The inflorescence, magnified. Fic. 2.—A terminal 
spikelet. Fic. 3.—A lateral spikelet. Fic. 4.—The empty glumes of a terminal 
spikelet. Fic. 5.—-Flowering glume of same, dorsal view. Fic. 6.—Same, side view. 
Fic. 7.—Flowering glume of lateral spikelet, side view. Fic. 8.—The prophyllon, 


dorsal view. 


and the palet being membranaccous in the median, but quite thick 
and coriaceous in the lateral spikelets. It may seem justifiable, 
therefore, to consider the spikelets of Munroa as being dimorphic, 
even if we have not been able to observe any deviation in regard to 
the distribution of the sexes within them. 

While Torrey’s description of the spikelets contains a good deal 
more than is recorded by subsequent writers, except BENTHAM and 
Hooker, there are some other points which may be added to the 


diagnosis of this singular grass. The mode of growth is very well 
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characterized by Torrey, but there are some peculiarities which 
have been omitted, and these consist especially in the structure of 
the shoots, the vegetative and the floral; furthermore, the histology 
has only been touched upon very briefly. 

The peculiar bushy habit of the plant depends upon the fact that 
the culms are not directly terminated by the inflorescence. Usually 
in the Gramineae the long internode of the culm passes immediately 
over into the inflorescence, but in Munroa the spikelets are preceded 
by two or three green leaves which are borne upon the culm near the 
apex, and whose internodes are exceedingly short, often being barely 
visible. These green leaves all subtend shoots, which develop into 
floral or vegetative branches, and quite often into secondary culms 
from the apex of which the same development of shoots is repeated. 
Beneath the terminal inflorescence there is thus a small cluster of 
shoots, developed in the axils of green leaves, a ramification that 
calls to mind the well-known condition known in teratology as ‘‘ pro- 
lification,” but which is normal and constant in Munroa. To sepa 
rate these shoots and to define their proper order might at first glance 
seem difficult, not only on account of their relatively large number, 
but also because the internodes are so very short. However, if we 
examine the shoots carefully, it is easily seen that the first leaf of 
several of them represents a fore-leaf (prophyllon) of most character 
istic and striking shape.5 The presence of a fore-leaf actually gives 
the clue to the composition of these ‘fascicles of leaves and shoots,” 
since it always signifies a lateral ramification, and in the Gramineae 
is nearly always situated on the branch with its dorsal surface toward 
the mother axis. In Munroa this prophyllon has attained a high 
development, and is not only represented by an open sheath-like 
body, but the two nerves are extended into very long, stiff, divergent 
setae (fig. 8); the sheath-like portion is membranaceous, ciliate, and 
minutely pubescent on the dorsal face. Altogether it is a structure 
so remarkable and characteristic that it may well deserve to be men- 
tioned in the diagnosis of the genus. 

The composition of the shoots in Munroa is illustrated by the two 
accompanying diagrams (jigs. g and 10), which represent two fre- 


5 Some new anatomical characters for certain Gramineae. Beihefte Bot. Cent. 


II:25. IQOI. 
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quent instances of ramification. In these diagrams L', L?, etc., all 
represent assimilating leaves with sheaths and blades developed as 
ordinary grass leaves, and they differ in no respect from the others 
which are situated at the base of the culms, where they form a 


dense rosette. On the other hand, P', P?, etc., are prophylla or 


























fore-leaves, and their form as indicated is almost like their cross 


section, Thus their actual position may be readily understood, 
the concave side (dorsal) turning toward the mother axis. S', S?, 
etc., are the spikelets, of which only the empty glumes and one of 
the flowering have been drawn, in order to show the mutual position 
of the spikelets—median and lateral—and of their respective glumes. 


In fig. 9 the two leaves L' and L? are developed a very short dis 
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tance below the inflorescence (.S'), which terminates the culm of the 
main stem; they are exactly alternate, and so are the glumes of the 
median spikelet (St); in the two lateral the same position is notice- 
able, but these have been turned so as to form an angle of go° with 
the median, the terminal spikelet. In the axil of L' a complex of 
shoots may be seen, beginning with a prophyllon (P') with its back 
toward the main axis, but alternating with the leaf L'. The subse- 
quent leaves (L3—L°) of this axillary shoot, on the other hand, are 
turned go° to the side of the leaf Z', but are otherwise alternate. 
The first of these leaves (Z3) supports a bud with a prophyllon and 
two small leaves, and similar buds are also observable in the axils 
of the other leaves (L4—L°). The apex of the whole shoot terminates 
in a single spikelet (S?), the arrangement of whose glumes, alternat- 
ing with the green leaves of the same axis, shows that it is a median 
and not one of the lateral spikelets; these have become suppressed 
entirely in this instance. 

There is still another shoot observable, however, namely the one 
whose prophyllon is marked P?, and which has only two green leaves. 
This little shoot comes from the axil of the large prophyllon P', 
Munroa thus illustrating a case, not unusual among Gramineae, in 
which prophylla may subtend shoots. It is furthermore noticeable 
that this prophyllon (P?) and the leaves of its shoot lie distinctly in 
the same plane as the first leaves (L' and L?) and the first prophyllon 
(P*). In this way the spikelet S' terminates the main culm, while the 
other (.S?) terminates the shoot developed from the axil of the leaf L.' 

The succession of these various leaves (L and P) seems invariably 
the same, inasmuch as no instance was observed where the inflores- 
cence was directly preceded by a prophyllon alone. But the number 
of vegetative shoots in Munroa is sometimes much larger than that 
of the floral, and the reason seems to be, at least judging from this 
particular instance (fig. g), that the shoots were so crowded within 
the leaf axil that the development of flowers became arrested. This 
explanation may seem justifiable when we examine the other diagram 
(fig. 10), which shows a more balanced growth of the whole system 


of axes, instead of the one-sided development of shoots shown in the 
former diagram (fig. g), where no axillary branch was developed from 
the leaf L?, but only from L’. 
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In jig. ro there are represented four inflorescences and five vege- 
tative shoots, but much more equally distributed than before, since 
the main culm bears here a larger number of leaves—four instead 
of two—three of which (L'-L3) subtend shoots. These leaves 
(L'-L4) are also exactly alternate and lie in one plane, and 
the uppermost (L4) precedes an inflorescence (S') which termi- 
nates the main culm. Similar to the specimen illustrated in 
jig. 9, the first leaf (L') subtends a shoot with a large prophyllon 
(P'), and this shoot is also turned go° to the side of the supporting 
leaf and the prophyllon; but it bears only two leaves (LS and L‘), 
one of which (L5) has an axillary shoot consisting of a prophyllon 
and a vegetative apex. The other leaf (L°) has no shoot and precedes 
the terminal inflorescence (S?) of three spikelets, arranged in con- 
formity with the leaves (L5 and L°). Another shoot is observable 
in the axil of the large prophyllon P', which shows the same develop- 
ment as the one in fig. g, but with the exception that an axillary shoot 
is visible within the prophyllon (P4); thus two prophylla of the shoot- 
complex pertaining to leaf L' support buds. 

Examining the other shoots, we find one in the axil of leaf L? with 
a prophyllon (P?), whose leaves and inflorescence are likewise turned 
ge® to the side, with exception of the prophyllon. This shoot con- 
sists of a terminal portion with two leaves and a two-flowered inflor- 
escence (S53; one median and one lateral spikelet), besides a sec- 
ondary, purely vegetative bud which is developed in the axil of the 
prophyllon, but although axillary its prophyllon has become sup- 
pressed. The position of the floral shoot, however, shows clearly 
that it is terminal, and that the other much smaller one must belong 
to the prophyllon. A similar construction of two shoots pertaining 
to one system is to be found in the axil of the leaf £3, where we observe 
the same position of the prophyllon (P?3) and of the green leaves as 
before. The shoot bears two leaves and is terminated by a single 
spikelet (S4), which shows the arrangement of the glumes as that of 
a median rather than of a lateral spikelet, since the glumes alternate 
with the leaves. It is now interesting to see that the prophyllon (P3) 
here also subtends a bud, and a purely vegetative one. The fourth 
leaf (L4) has no bud and precedes directly the inflorescence (S'), 


which terminates the main culm; thus the median spikelet represents 








130 BOTANICAL GAZETTE [FEBRUARY 


the uppermost terminus, and its glumes are situated so as to alter- 
nate with the four leaves (L'-L4) borne on the culm. 

Such is the usual composition of the fasciculate shoots in Munroa 
squarrosa, but there are of course many variations in proportion to 
the number of shoots developed. However, the succession of leaves 
appears constant, and the modification by suppression of some of the 
spikelets or of the vegetative shoots does not influence the principal 
structure as described above. It is a structure which no doubt is 
uncommon among the Gramineae, even if the components of the 
shoots may be identical. Somewhat similar and equally complicated 
cases of ramification may be observed in Coix, in Andropogon, and 
especially in Jouvea. North American Gramineae exhibit altogether 
a number of types in regard to inflorescence and ramification of axes 
which are very little known and which deserve attention. In Munroa 
the most striking peculiarity depends, as stated above, upon the 
presence of short internodes with green leaves above the longest 
internode of the culm, preceding the terminal inflorescence. Fur- 
thermore, it is characterized by the profuse development of shoots, 
floral and vegetative, from the axils of these leaves; and also by the 
elongation of some of these into secondary culms, at the apex of 
which the same development of fasciculate shoots occurs. 

From a morphological aspect, therefore, Munroa squarrosa offers 
several important characters, but it exhibits also some points of 
histological interest, which may be mentioned in this connection. 
As an inhabitant of the arid plains, it would be expected that our 
plant would possess a xerophytic structure, which it does; but such 


, 


structure is far from common among its associates. Ecological 
studies are very seldom extended beyond the mere fact that such and 
such plants constitute associations; whether the external and internal 
structure of such xerophytes, for instance, is in real harmony with 
the surroundings is very seldom touched upon. The xerophytic 
characters have been very excellently defined by several prominent 
authors, by WARMING and SCHIMPER for instance; but whether 
these characters are to be observed in all the members of such 
xerophilous associations remains to be seen. It would require an 


immense amount of work, and nothing more or less than a complete 


investigation of the internal structure of desert plants. Very few 
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of our plants have been studied from this particular point of view, 
and the following notes on the histology of Munroa squarrosa may 
be regarded, therefore, as a small contribution towards the knowl- 
edge of this interesting plant association. With this object in view, 
the writer has examined the structure of the roots, the culm, the 
proper leaves, and the prophyllon, and finally the flowering glumes 
of both forms of spikelets. 

THE ROOTS.—The roots are thin, hairy, not very strong, rela- 
tively short, and but little ramified. In a mature root the epidermis 
and the moderately thick-walled hypoderm persist, but the cortex, 





e 
Fic. 11.—Munroa squarrosa.— Transverse section of a mature root: e, endoder- 
mis: ~, pericambium: /, leptome. Xx 560. kic. 12.—Transverse section of a capil- 


larv lateral root: A, proto-hadrome; the other letters as above. XX 560. 


which consists of only three or four layers, collapses radially. The 
inner walls of the endodermis (jig. 17, e) are considerably thickened 
with distinct layers and pores; and it surrounds a pericambium 
which is thickened throughout. ‘Therefore the location of the proto- 
hadrome vessels could not be clearly ascertained, and the inner por- 
tion of the central cylinder is occupied by a mass of thick-walled 
conjunctive tissue with about ten broad rays of hadrome. The lep- 
tome constitutes very small groups, when viewed in transverse sec- 
tions (fig. 11, 1). A younger stage of the root shows these same ele- 
ments much less thick-walled. Thus it was possible to distinguish the 
pericambium cells from the proto-hadrome vessels, and it was noticed 
that the latter had penetrated the pericambium in all places. If 
one of the capillary lateral roots (jig. 72) is examined the same struct- 
ure is observed, but the center of the root is here occupied by a large 
vessel, and the hadromatic rays are merely represented by four proto- 


hadrome vessels (jig. 12, 1), all of which are located inside the peri- 
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cambium. We do not attach much importance to this varied position 
of the proto-hadrome, however, since we have ascertained that it is 
not constant, a fact that has been recorded in some previously pub- 
lished papers.®° A characteristic of the root of Munroa seems to be 
the poorly developed cortex in contrast with the prominent and 
thick-walled inner tissues of the central cylinder. 

THE cuLM.—The long internode is semicylindric, smooth, and 
almost glabrous at the base; but cylindric, deeply furrowed, and 
scabrous above. The smooth and quite thick cuticle covers a very 
small-celled epidermis, whose outer walls are prominently thickened. 
Stomata are frequently near the furrows of the upper part of the culm, 
and their guard cells are level with the epidermis. Unicellular, 
pointed projections abound along the elevated ridges, but decrease in 
number toward the base, where the surface of the culm is smooth. 
The cortical parenchyma is well differentiated in the upper part, 
where it occurs as a single layer of palisade cells, filled with chloro- 
phyll, and bordering on the parenchyma sheath of the peripheral 
mestome bundles; the palisades are very regularly arranged, radi- 
ating from the parenchyma sheath. Another tissue of about five 
layers, but composed of colorless, more roundish cells, occupies the 
space between the peripheral mestome bundles with their covering 
of palisades, and this tissue belongs also to the cortex. It is developed 
to a somewhat larger extent at the base of the culm, where no pali- 
sades were observed; thus the cortex consists here of a continuous 
ring of colorless tissue surrounding the mestome bundles. 

The mechanical tissue as stereome is well represented and forms 
sub-epidermal groups in the ridges, bordering on the palisades, 
besides occurring as a solid, continuous zone all around the inner 
mestome bundles. Toward the base of the culm the stereome does 
not occur as sub-epidermal layers, but only as a heavy ring inside 
the cortex and surrounding both the outer and inner circle of mestome 
bundles. Throughout the culm there are thus two aimost con- 
centric circles of mestome bundles, the peripheral ones being the 
smaller, orbicular in transverse section, and containing mostly lep- 
tome alone; while the larger inner ones are oval and contain both 


6 Compare: Eriocaulon decangulare L. Bor. GAZETTE 31:17. toor; and Studies 


in the Cyperaceae. XIV. Amer. Jour. Sci. 10:278. 1900. 
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leptome and hadrome. Common to both is a thick-walled mestome 
sheath, but the parenchyma sheath is developed only on the outer 
face of the peripheral bundles, thus bordering on the palisades, being 
quite large-celled and containing chlorophyll of a somewhat bluish- 
green color. This parenchyma sheath is thus restricted to this 
particular portion of the peripheral mestome bundles in the upper 
part of the culm, where palisades occur, and is entirely absent in all 
the others. The inner portion of the culm is occupied by a thin- 
walled pith, which is broken in the center. 

Characteristic features of the culm, therefore, are the small develop- 
ment of chlorophyll-bearing parenchyma in the shape of palisades 
and as an incomplete parenchyma sheath, and the predominating 
chlorophyll-less cortical parenchyma which evidently has the function 
of storing water. The stereome is well represented, being thick- 
walled and constituting heavy layers both in the ridges and inside 
the cortex. 

THE LEAF.—The leaf blade is furrowed on both faces, deepest 
on the ventral, and covered with small obtuse papillae and somewhat 
larger prickle-like projections like those observed on the culm. The 
midrib is hardly larger than the other nerves, the blade thus being 
nearly flat and of the same thickness throughout. Stomata occur 
on both faces of the blade along the sides of the furrows, their guard 
cells being level with epidermis. While the cells of epidermis are 
small and quite thick-walled on the dorsal face of the leaf, those of 
the ventral are larger and developed as bulliform cells in the furrows 
between the mestome bundles. 

The parenchymatic tissues of the leaf consist of a colorless water- 
storage tissue, which is located in the furrows beneath the bulliform 
cells, and consisting of three or four strata. There is also a chloro- 
phyll-bearing tissue, developed as one layer of palisades surrounding 
the mestome bundles and radiating from them. Similar palisade 
cells were also noticeable in the upper portion of the culm, and 
bordering on the incomplete parenchyma sheath. 

The mestome bundles are all orbicular in transverse section, and 
possess a complete green parenchyma sheath besides a mestome 
sheath, which is somewhat thick-walled in the larger bundles. The 


leptome and hadrome are well differentiated in all the nerves, espe- 
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cially in the larger ones. In regard to the mechanical tissue, a stere- 
ome occurs in large groups, one in each margin of the blade, besides 
smaller groups accompanying the nerves, and located above and 
below them between epidermis and palisades. 

Characteristic of Munroa and several of its associates among the 
Gramineae are the nearly orbicular mestome bundles surrounded by 
the single layer of straight-walled palisades, radiating from them and 
bordering on a rather large-celled parenchyma sheath, inside of which 
a typical mestome sheath occurs; and also the deeply furrowed blade 
with bands of bulliform cells covering strata of colorless tissue, the 
function of which is evidently to store water. The numerous epi- 
dermal projections in the shape of papillae or long-pointed spines 
partly surround and cover the stomata. 

THE PROPHYLLON.—This very characteristic leaf, as stated above, 
consists of a sheath-like, bicarinate, membranaceous body and two 
long setae, the nerves being extended beyond the apex of the leaf. 
The structure of the sheath-like portion is very simple, since the 
margins and the central part possess only an epidermis (the dorsal) 
with a few stereomatic cells scattered here and there. The two keels, in 
which two mestome bundles are located, show a more solid structure, 
since each keel has a support of quite thick-walled stereome, which 
borders on a large-celled, colorless parenchyma. Each mestome 
bundle has a closed parenchyma sheath and a moderately thickened 
mestome sheath. The awns contain chlorophyll, located in a stratum 
of palisades and in the parenchyma sheath, and stomata occur on 
the upper surface. A cross-section of one of these awns is sharply 
triangular, with the two lateral angles occupied by stereome, while 
the keel contains a large mass of colorless parenchyma. ‘The mestome 
bundle is located in the center, but is very small and consists only of 
leptome. 

THE FLOWERING GLUMES AND THE PALETS. 
glumes of the terminal spikelet are somewhat different from those of 





As stated above, the 


the lateral in regard to shape and texture, and therefore the spikelets 
may be designated as “dimorphic.” ‘This distinction, however, 
seems much more pronounced when the internal structure is com- 
pared. The empty glumes of both spikelets possess the same struc- 
ture, even if their form be distinct; but the flowering glumes and the 
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‘ 
palets exhibit a structure so distinct that when detached the spikelets 
may be easily assorted into terminal or lateral by their tissues alone. 
In the terminal spikelet the flowering glume and the palet are thin 
and membranaceous, as in the majority of Gramineae. The flower- 
ing glume has four prominent ribs on the dorsal face supported by 
heavy groups of stereome, and small scattered groups of this same 
tissue are observable also on the ventral face of the glume, but only 
between the two innermost mestome bundles. Otherwise the glume 
consists only of a single layer throughout, represented by the dorsal 
epidermis. The palet of this same spikelet-—the terminal—is two- 
nerved, but very slightly bicarinate, and the structure is even more 
delicate than that of the flowering glume. 

In the flowering glume of the lateral spikelets the structure is 
very different, a large mass of very thick-walled stereome covering 
nearly the whole ventral face of the glume, and a colorless parenchyma 
occupying the larger inner portion. The four mestome bundles are 
imbedded in this tissue, thus forming no prominent ribs, as is the 
case in the terminal spikelet. A similar broad stereomatic tissue is 
observable in the palet on the ventral face, besides a colorless tissue 
nearer the dorsal. The two nerves are located in this tissue, which 
extends into two sharp keels with numerous epidermal projections. 

So great a diversity in structure observable in the glumes of 
spikelets belonging to the same inflorescence is evidently very rare 
within the order. It seems the more peculiar since the spikelets are 
otherwise identical, the number of glumes being the same, and the 
flowers perfect in both the terminal and lateral spikelets. ‘The very 
firm structure, described above, which is especially marked by the 
unusual development of stereome, is also known in other genera. 
We might mention, for instance, the coriaceous or cartilaginous 
empty glumes in MAYDEAE and ZoysIEAE; the cartilaginous flower- 
ing glume and palet in PANICEAE and ORyZEAE; finally the promi- 
nent structural deviation noticeable in the unisexual spikelets of 
Buchloe and Amphicarpum. But none of these cases are really 
comparable with that of Munroa, where the only distinction between 
the spikelets depends upon position, terminal or lateral, and not upon 
the distribution of sexes, and still exhibiting such marked modification 
in structure. 
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The systematic position of Munroa seems naturally to be within 
FESTUCEAE, but it is difficult to place it near any of the genera so 
as to demonstrate its nearest affinity. Most frequently Munroa is 
placed next to Monanthochloe, a genus to which it certainly shows 
no affinities whatsoever. The peculiarity of the genus seems to 
depend upon the dimorphism of the spikelets, and to some extent 
upon the profuse development of shoots, especially vegetative, in the 
axils of leaves near the apex of the culm, a structure which is exceed- 
ingly common in teratological cases, but which is normal and con- 
stant in Munroa squarrosa. 

There may exist some analogous cases, and normally so, among 
the other members of the order in this country, but so far as known 
to the writer no investigations have been published dealing with such 
morphological peculiarities. 


BROOKLAND, D. C. 

















ALTERNATION OF GENERATIONS IN ANIMALS FROM 
A BOTANICAL STANDPOINT.! 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY. 
LXVIII. 

CHARLES J. CHAMBERLAIN 
(WITH TWO FIGURES) 

SINCE zoologists do not recognize in animals an alternation of 
generations comparable with the alternation of gametophytic and 
sporophytic generations in plants, it may seem presumptuous for a 
botanist to propose any theories. Nevertheless, after hesitating for 
several years I have decided to publish my belief that animals exhibit 
an alternation of generations comparable with the alternation so 
well known in plants. 

In short, the theory is this: the egg with the three polar bodies 
constitutes a generation comparable with the female gametophyte in 
plants; similarly, the primary spermatocyte with the four sperma- 
tozoa constitute a generation comparable with the male gametophyte 
in plants. All other cells of the animal constitute a generation com- 
parable with the sporophytic generation in plants, the fertilized egg 
being the first cell of this series. 

In support of this theory I shall present two lines of evidence: 
(1) the gradual reduction of the gametophyte in plants, with the 
constantly diminishing interval between the reduction of chromosomes 
and the process of fertilization; and (2) the phenomena of chromatin 
reduction in both animals and plants. 

1. EVIDENCE FROM THE REDUCTION OF THE GAMETOPHYTE IN 
PLANTS.—For convenience, the female and the male gametophyte 
will be considered separately. Further, since dioecism in gameto- 
phytes is regarded as a more specialized condition than monoecism, 
and since the tendency is toward dioecism, all cases in which the 
gametophytes have not attained the dioecious condition may be 
disregarded. 

t Presented before Section G of the A. A. A. S., at the Philadelphia meeting, 
December 30, 1904. 
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(1) The jemale gametophyte—tIn the liverworts the gametophyte 
is a green, independent plant. It is the conspicuous generation, 
the sporophyte being comparatively small and never entirely inde- 
pendent. Here the gametophyte generation, beginning with the 
spore mother-cell and extending to the fertilization of the egg, is a 
complex plant, of which the egg, the culmination of the gametophyte, 
constitutes only a very small part. In the mosses the disparity 
between the gametophytic and sporophytic generations is not so 
marked, but the gametophyte is still predominant and independent, 
while the sporophyte never becomes entirely independent. In the 
ferns the sporophyte has become the conspicuous, independent gen- 
eration, and the gametophyte is much reduced. In most cases the 
gametophyte is still a green independent plant, although it is so small 
that it is likely to be overlooked by the layman. In the heterospor- 
ous forms the gametophyte is still smaller, develops little or no 
chlorophyll, and shows but little differentiation. Compared with 
the liverworts or mosses, or even with the homosporous ferns, the 
interval between the reduction of chromosomes and the fertilization 
of the egg has been immensely reduced. 

In the gymnosperms the gametophyte is entirely dependent, being 
parasitic in the sporophyte at all stages of its development. Although 
there is a more or less prolenged period of nuclear division before 
cell walls are formed, the ancestors of these gametophytes were doubt- 
less cellular from the beginning of their development. In Gnetum 
Gnemon, cell walls are formed only in the lower portion of the gamet- 
ophyte, in the upper portion the nuclei lying free in a common layer 
of cytoplasm. Any one of the free nuclei of the upper portion seems 
capable of functioning as an egg nucleus. In other species of the 
same genus no walls are formed even in the lower portion, all the 
nuclei lying free in the general cytoplasm. In the angiosperms, 
both the conditions shown by the genus Gnetum are found, but 
reduction has proceeded much farther. A considerable tissue is 
formed in the lower portion of the gametophyte in Sparganium, in 
the grasses, and to a less extent in some Compositae and other forms; 
the tendency, however, is toward the free nuclear condition already 
reached by the latter type of Gnetum. The gametophyte of Pepero- 
mia, with its sixteen free nuclei, one of which functions as an egg 
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nucleus, does not differ very markedly from the free nuclear type 
of gametophyte seen in some species of Gnetum. Four mitoses of 
the simultaneous type give rise to these sixteen nuclei, one of which 
becomes the egg nucleus. Between the reduction of chromosomes 
and the fertilization of the egg there are only four mitoses. In 
many angiosperms, as in Lilium, the interval is still shorter, the 
gametophyte containing only eight nuclei, resulting from three mitoses. 
This is the most reduced female gametophyte yet discovered in plants, 
and it shows only one more mitosis than does the gamete-producing 
generation in animals, which regularly shows two mitoses. 

Up to this point I have made no mention of the tetrad of spores, 
a feature almost universal in plants above the thallophytes. Where 
the tetrad is present, the reduction of chromosomes takes place dur- 
ing the two mitoses by which the four spores are formed from the 
mother-cell. It is only in some heterosporous forms that the tetrad 
is incomplete or fails to appear. In such cases the reduction takes 
place during the first two mitoses in the mother-cells, so that whether 
a tetrad is formed or not, the reduction takes place during the first 
two mitoses in the mother-cell. To suggest that the gametophyte 
of the Lilium type represents a reduced tetrad might only cause 
confusion, and since the question does not affect essentially the 
theory proposed, I shall not discuss it at this time, but shall depend 
for comparison upon forms in which a tetrad is present. With a 
few well-known exceptions, one member of the tetrad develops, 
while the other three are evanescent and have no obvious function. 
It is only rarely that any nuclear division occurs in the three evanes- 
cent spores of the tetrad. In the functional spore of the tetrad three 
mitoses occur, giving rise to eight free nuclei, one of which becomes 
the nucleus of the egg. 


I believe that this latter condition—the most prevalent one in 
angiosperms—corresponds closely with the egg and three polar 
bodies so characteristic of animals. In my opinion, the egg with 
its three polar bodies constitutes a generation directly comparable 
with the gametophytic generation in plants. The accompanying 
diagram (fig. 1) illustrates the comparison. Animals do not furnish 
any example more directly comparable with the condition shown in 


D of the diagram. In D the cell which we have compared with the 
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animal egg has undergone some development so that it contains eight 
nuclei. This is no serious objection, however, when we remember 
that in the pines the cell directly homologous with the larger cell in 
D contains thousands ‘of nuclei, and in Gnetum contains too large 








Fic. 1.—A-D, successive 


stages in the development of 
the female gametophyte in 
plants. The reduction of 
chromosomes takes place dur- 
ing t 
and B 


first polar body; B’, forma- 


he mitoses shown in A 


A’, formation of the 


tion of second polar body 
and division of the first; C’, 
the egg and three polar bodies; 
the condition shown in Dis 
not found in animals, the 
gamete-bearing generation in 
animals having become more 
reduced; the shaded nucleus 
D is the egg nucleus. 








a number to be counted accurately, and 
within the angiosperms shows a series 
ranging from more than a hundred _ nuclei 
down to sixteen and then to eight. Com- 
paratively few plants have been  investi- 
gated, and it is not improbable that plants 
will yet be found which will complete the 
reduction series by showing only four nuclei, 
or only two, or even only one. The latter 
condition, with the megaspore functioning 
directly as the egg, would be illustrated by 
C of the diagram. 


To me the comparison seems so obvious 





that I can explain the previous absence of 
a theory of alternation of generations in ani- 
mals only by the fact that the gamete- 
bearing generation is extremely reduced 
and is not approached by any gradual 
series as in plants. Had observations in 
plants been confined to angiosperms, there 
would doubtless be no theory of alternation 
of generations in plants. 

(2) The male gamelophyte.—l\t is not 
necessary to trace in detail the reduction 
of the male gametophyte. Originally a 
conspicuous, independent plant, it becomes 
reduced, loses its independence, acquires 
the parasitic habit, and then undergoes 
a progressive reduction until it becomes a 
simple, microscopic, parasitic structure 
which no one would think of homologizing 
with the gametophyte of a liverwort, were 


it not for the close series leading to the 
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In many gymnosperms the vegetative tissue has 


become reduced to two evanescent “prothallial” cells, and even these 


are lacking in most forms. 


In the angiosperms it is only rarely that a 


vestige of the vegetative tissue in the form of a prothallial cell is found. 


The formation of a tetrad of spores 
The 


chromosomes 


scems to be universal. interval 
between the reduction of 
and the formation of the sperm is gradu 
ally reduced, until in the angiosperms 
there are only four mitoses in the game 
tophytic generation. 

I believe that the condition which pre- 
vails in angiosperms is directly compar 
This 


comparison is illustrated in the accom- 


able with that found in animals. 
panying diagram (fig. 2). Here again 
the plant shows a slightly more extended 
development, the condition shown in FE 
of the diagram having no parallel in ani 
mals. But, as in the case of the female 
gametophyte, the objection is not serious, 
for the male gametophyte has been gradu 
ally reduced from a conspicuous, inde- 
pendent plant to a microscopic, parasitic 
structure with only three nuclei. It is not 
at all improbable that instances will yet 
be found in which the last two mitoses 


have been suppressed, the microspore 


functioning as a sperm. This condition 


could then be illustrated by E& in the 
diagram. 
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giving 


cells and microscope mother-cells is comparable with the oogonia and 


spermatogonia of animals. 


Preceding the formation of megaspore 


mother-cells this tissue becomes much reduced in the higher plants 


and in many cases is altogether lacking. 
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2. EVIDENCE FROM THE REDUCTION OF CHROMOSOMES.—The 
reduction of chromosomes is a phenomenon so complex and so unique, 
and at the same time so essentially identical in plants and in animals, 
that any adequate theory must be applicable to both kingdoms. 
In plants the reduction always occurs during the first two divisions 
of the spore mother-cell, whether the plant be homosporous or 
heterosporous. In animals the reduction occurs during the first two 
divisions of the primary oocyte and primary spermatocyte. The 
structural character of the mitoses are too well known to need any 
review at this time. According to STRASBURGER? the reduction of 
chromosomes indicates a return to the more primitive gametophytic 
generation, and this view is quite generally accepted by botanists. 
I am aware that zoologists distinguish somatic and germ plasm, 
and that the application of this theory of alternation with its terms 
gametophyte and sporophyte (or rather similar terms, since “‘ phyte”’ 
is obviously unsuitable) would cut the line of germ plasm, leaving 
part in one generation and part in the other. The sporogenous tissue 
of plants is quite analogous to the germ plasm of animals, and yet 
most botanists have no hesitation in assigning it to the sporophyte 
and in regarding the mother-cell as the first term of the gametophytic 
generation. The gametophytic generation—whether long as in the 
liverworts or short as in the angiosperms—is characterized by the 
reduced number of chromosomes; the sporophyte, except possibly 
in cases of parthenogenesis, contains double the number of chromo- 
somes found in the gametophyte. We should recognize two gener- 
ations in animals, characterized respectively by the reduced and the 
double number of chromosomes. 


COROLLARY. 


It is obvious that this theory, if well founded, affects not only 
the application of sexual terms in plants, but also our notions in regard 
to the nature of sexuality. It is hardly necessary to say that most 
terms relating to sexuality in plants have been borrowed from zoolo- 
gists. Many botanists, especially the more rigid morphologists, 
have attempted to confine sexual terms to the gametophytic gener- 

2 STRASBURGER, E., The periodic reduction of chromosomes in living organisms. 


Ann. Botany 8:281-316. 1894. 
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ation, which is spoken of as the sexual generation, while the sporo- 
phyte constitutes the asexual generation. They have ceased to speak 
of male trees and female trees, or male flowers and female flowers, 
and have ceased to regard the stamens and carpels as sexual organs. 

Notions as to what constitutes a male individual or a female indi- 
vidual among animals, or as to what constitutes a male organ or 
female organ, are firmly established. If the method which the 
rigid botanical morphologist applies to plants should be applied to 
animals, the result would be interesting, for there would be no male 
or female individuals, nor would there be any male or female organs. 
All sexuality would be confined to the microscopic egg with its three 
polar bodies, and to the spermatocyte with its four sperms. The 
gametophytes of bryophytes, pteridophytes, and most gymnosperms 
bear well-developed archegonia, which are correctly designated sex 
organs, but by a gradual reduction the archegonium in the angiosperms 
becomes reduced to its essential structure, the egg. It is only through 
respect to its ancestry that this egg may be termed an organ. The 
antheridium is only less reduced. In animals there remain only 
these essential elements, which by similar courtesy may be called 
organs. 

I prefer to apply the terminology as it is applied by zoologists, 
and consequently should regard dioecious sporophytes as male and 
female individuals. In the gametophytic generation the dioecious 
condition is universal in heterosporous plants. Stamens and car- 
pels, which contain the male and female gametophytes, may be 
termed male and female organs as properly as may the reproductive 
organs of animals. It is strictly correct to speak of male and female 
gametophytes in plants; but in my opinion to designate the sporo- 
phyte as an asexual generation is a mistake. The sporophyte is 
male or female as truly as is the gametophyte; and, like the indi- 
vidual in animals, it is characterized by male or female reproductive 
organs which produce the male or female gametophytes. 

[ do not claim any acquaintance with zoological literature further 
than a reading of the latest edition of W1Lson’s “ The cell in develop- 
ment and inheritance.” Were there any theories as to alternation 

3 Since any discussion of monoecism and hermaphroditism would neither rein- 


force nor weaken the argument these subjects are omitted altogether. 
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of generations in animals, doubtless they would have been thoroughly 
discussed in that book. 

It is hardly necessary to state that the theory has no bearing what- 
ever upon relationships or interrelationships. It merely adds another 
to the already long list of parallel processes, and suggests that the 
theory of alternation of generations in plants is applicable to animals. 


THE UNIVERSITY OF CHICAGO. 

















BRIEFER ARTICLES. 


NEW PRECISION-APPLIANCES FOR USE IN PLANT 
PHYSIOLOGY. IL? 
(WITH FOUR FIGURES) 

In the first of these articles I gave the reasons which have led to the 
development of some new pieces of apparatus for educational use in plant 
physiology, and I described two of these pieces. In brief, believing that 
improvised apparatus has heen brought to its fullest practicable, if not to 
an actually harmful, degree of development, I am trying to devise for each 
of the leading physiological topics appropriate normal apparatus, viz., 
appliances which, manufactured expressly for the specific work, will yield 
accurate quantitative results, will be applicable to their work with economy 
of time and effort, and will be obtainable by purchase at any time from 
the stock of a supply company. In the foregoing article I described the 
new clinostat and the new portable clamp-stand; below are accounts of 
three additional appliances, and similar descriptions of other pieces in 
advanced preparation will follow later. They all are now, or soon will be, 
for sale by the Bausch & Lomb Optical Company, of Rochester, N. Y. 

I. AUTOGRAPHIC TRANSPIROMETER,. 

A practicable and obtainable form of autographic (self-registering) 
transpirometer, suitable for use both in educational demonstration and also 
in certain lines of investigation, is one of the first desiderata of plant physi 
ology. Several forms have been devised, of which the best known are 
the “évaporométre”’ of Richard Fréres, and the registering balances of 
Woods and of Anderson. The first of these, while obtainable, has serious 
limitations both in practice and in principle; while the two others, though 
admirable in their accuracy, must be made to order at large cost and with 
much delay, and they are somewhat elaborate withal. My new instru- 
ment, illustrated in the accompanying jig. 7, is constructed as follows: 
A cylinder, shown in the upper part of the figure, contains on a spiral 
track between its outer and an inner wall some 250 spherical gram weights. 
These weights are steel bicycle balls of one-fourth inch diameter, the same as 


Anderson used in his balance; they weigh almost exactly one gram each 
t Continued from 37: 307. April 1904. 
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and vary not over one-thousandth of this weight from one another. These 
feed by gravity, one at a time, into a simple releasing valve, so arranged 
that when acted on by an electro-magnet a slide rises and allows one ball 
to drop through a tube into a scale pan, a new ball immediately taking its 
plac e in the releaser-slide. Attached to the releaser-slide is a bar carrving 
a pen, so adjusted that every time the slide moves, that is, every time a 
ball is dropped, the pen makes a vertical fine line with chronographic ink 
upon a record paper attached to a revolving drum. In use the plant to 
be studied is prepared in the manner usual for transpiration studies, and 
is balanced on a scale pan of any good balance, while the transpirometer 


is adjusted beside it. As the plant loses water this pan rises, and at the 
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top of its swing is made to touch a wire, thus closing an electric circuit; 
this excites the electro-magnet, which then raises the releaser-slide, drop- 
ping a ball into the scale pan (which is immediately depressed, breaking 
the circuit), and making a mark on the record paper. This operation is 
repeated thereafter every time the plant has lost a gram of water. The 
drum revolves once in twenty-four hours, and the record paper, a reduced 
copy of which is presented in the accompanying jig. 2, is divided into 
numbered spaces corresponding to the hours; these spaces are subdivided 
into twelve parts, each therefore representing five minutes,? and these in 
turn can easily be read by estimation to fifths, or one-minute intervals. 
It is possible, therefore, to read off from the drum directly the number of 
minutes it takes the plant to lose one gram of water, data which are readily 
transformable into other terms. The record paper is divided into seven 
horizontal spaces, marked by initial letters, one for each day of the week. 
The pen slides on the bar, which contains seven notches; and each day, 
when the plant is watered and the clockwork is wound, the pen is slipped 
along the bar one notch. Each record paper therefore contains a complete 

2 These five-minute spaces are exactly 1 broad; hence millimeter cross-section 
paper may be used instead of the record paper. This happened to be the case at the 


! ! 
time the photograph (fig. 1) was made. 
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record fora week. The tripod stand is adjustable for height, and can be 
leveled, while the mechanism in use is protected by a glass bell-jar. 

Such is the instrument in its present form.3 For some special purposes, 
such as for use out of doors, it would be better to have the weight-cylinder 
and the recording drum separated, so that the latter may be removed to 
any desired place in laboratory, lecture-room, or elsewhere. Probably 
this form will later be obtainable. For greenhouse and general demonstra- 
tion use, however, the arrangement figured will be found most convenient. 
The releaser and reservoir are arranged for gram weights, which are the 
only ones likely to be needed in educational work. For special investi- 
gation purposes lighter or heavier balls could of course be used after appro- 
priate alterations in the size of reservoir and releaser. The instrument 
may be used with any balance sensitive to a gram; but a special balance, 
adapted expressly for transpiration work, and provided with a mechanism 
to prevent oscillation under action of the wind, is in preparation, and will 
later be described. 

IV. ADJUSTABLE LEAF-CLASP. 

In several phases of the study of the physiology of leaves it is necessary 
to apply some object or special device to two exactly corresponding areas 
of the two surfaces of a leaf. The most familiar instance of this occurs in 
the application of Stahl’s cobalt chloride method to the study of transpira- 
tion, and there are other cases nearly as important. For these purposes 
some simple devices are improvised from clamps, watch-crystals, mica, 
etc., but there is at present no obtainable appliance by which this end can 
be accomplished with certainty, celerity, and convenience. The new 
leaf-clasp, designed to meet this need, is illustrated in the accompanying 
jig. 3, and is constructed as follows. ‘Two similar brass rings, ‘‘chamber- 
rings,’ each 30™™ in diameter and 5™™ in depth, are attached at the 
ends of parallel flexible-elastic bars, so arranged that they hold the rings 
firmly and exactly edge to edge, while allowing of their separation, by 
means of a screw, to any desired extent.4 For each ring there are provided 
two accessory rings. One of these is right-angled in section and holds a 
removable cover-glass, so that when pushed over the exposed edge of the 
chamber-ring, it converts the latter into a glass-topped chamber, as shown 
in the figure. If disks of filter paper treated with cobalt chloride (and 

3 While this description is in press it has been decided, in order to give the instru- 
ment greater compactness, to place the weight-cylinder and recording drum side by 
side, instead of one above the other. 


4In the final form of the instrument, a second screw, not shown in the figure, 


has been added, permitting the rings to be brought still more tightly together if needful. 
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preferably cut slightly larger than the chamber-rings so they will cling 
half-way up the latter) be placed in the chambers, which are then applied 
to the leaf, the change of color in transpiration may be observed with the 
greatest clearness and facility. Incidentally, the tightness of the chambers 
(when not on the leaf) permits the papers to retain their dryness and red 
color for a considerable time, so that there is no need of haste in applying 
them to the plant. The second accessory ring is broken, and is intended 
to hold tinfoil or any fabric tightly to the chamber-ring. Thus if projecting 








Fic. 


veins prevent a connection of chamber withVeaf sufficiently tight for 
some special purposes, a band of thin rubber may be held by the broken 
ring in such a way that it will project against the leaf, filling the spaces 
between the veins. But there is a more important use for the broken 
ring, which is to attach tinfoil patterns or screens to the chamber-rings 
for the demonstration of the necessity of light in photosynthesis. The 
common method of demonstrating this important physiological fact by 
use of corks or other material attached to both faces of a leaf is fallacious 
(since the absence of starch thus shown is due as much to absence of 


carbon dioxid as to absence of light), and a logical proof involves use of 
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a method which cuts off light without cutting off the carbon dioxid. Most 
leaves have all, or most, of their stomata on the under surface, so that if this 
is left free, the upper surface may be covered by screens as closely as desired. 
By means of the broken ring a tinfoil screen, with a pattern cut therein, 
(preferably backed by a thin glass), or a photographic film or similar device 
may be attached to the inner edge of one chamber; this is then applied to 
the upper face of a leaf, with the lower chamber-ring pressing the leaf 
firmly against it. The access of light is now shut off from the lower sur- 
face by a simple accessory diaphragm arrangement (not shown in the 
figure), which does not impede gas passage; and such an arrangement 
gives a perfectly logical, and beautifully clear and conclusive demonstra- 
tion of the necessity of light for starch formation. Of course, this end may 
be attained by simpler make-shift devices; the virtue of this instrument 
consists simply in the facility and certainty with which the end may be 
reached. As shown by the figure, a universal joint and a screw-joint 
fitting over any upright support permit the apparatus to be adjusted at any 


desired height, plane, or angle. 


V. LEAF-AREA CUTTER. 


The most striking and conclusive way of demonstrating the funda- 
mentally important fact of increase of organic substance through photo 
synthesis is by SACHS’s method of comparing the morning and evening dry 
weights of equal areas of similar green tissue; but it is rarely employed 
because of the inconvenience of the manipulation. The leaf-area cutter 
here figured (fig. 4), and described below, is designed to permit all parts 
of this valuable experiment to be performed with exactness and facility. 
The cutter works on the principle of a punch; the steel dies, operated by 
proper handles, cut disks cleanly from a leaf between them, the disks then 
dropping into a perforated aluminum cup screwed below the lower die. 
The diameter of the punch-dies is as nearly as possible 1.128°™, and 
hence every disk is nearly 1° in area. In use the arms of the punch 
are slipped above and below the leaf, when the disks may be cut very 
conveniently and rapidly, in any desired number, care being taken to 
avoid the larger veins. The larger the number taken the better, since 
local variations in thickness, etc., may thus be compensated, and 100 is a 
fair number. The cup is then unscrewed and covered by its own screw 
cap, which projects sufficiently to allow the cup to hang near the top of 
an ordinary test tube, as shown in the figure. Water in the bottom of the 


test tube is then boiled in the gas flame (a convenient holder for the test 


tube being shown in the figure), and the steam enters the perforations of 
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the cup, killing the living cells of the disks, thus preventing any loss of 
weight by respiration. The cup with its contents is then placed in the 
drying oven. In the evening, using the other cup, an equal number of 
disks is cut from corresponding positions in similar leaves, or, better, is 


cut from the second halves of leaves, from the first halves of which the morn- 





Fic. 4 


ing disks were taken. These are treated as for the first 
series and the cup is placed beside the first in the drying 
oven. When thoroughly dry both cups are carefully 
weighed, the weights of the cups (stamped upon them, 
together with the letters Wand N respectively to distinguish 
the morning and night cups) are subtracted, when the remainder gives the dry 
weight, which is always greater for the evening than for the morning 
set. If steps be taken (by use of the methods described by SAcus) to 
eliminate transfer of material into the stem, the difference in the weights 
shows approximately the amount of substance formed through photosyn- 
thesis in the particular plant studied in so many hours per so many square 
centimeters of surface. In practice the performance of the instrument 
is very satisfactory. 
r In addition to the above-mentioned educational demonstration use, the 
instrument should also serve in those phases of ecological investigation 


where it is desirable to determine the relative photosynthetic powers of 
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various sun and shade plants, or of the same plants under sun and shade 
conditions. It should also permit of the determination of the photosyn- 
thetic constants of many ecologically important plants, as a part of their 
physiological life-histories, without a knowledge of which their real relations 
to their physical environment and to other competing plants cannot be 
understood.—_W. F. Ganonc, Northampton, Mass. 
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CURRENT LITERATURE. 
BOOK REVIEWS. 
The teaching of biology. 

THE SIXTH volume of the American Teachers’ Series is devoted to a discussion 
of the teaching of biology, by I’. E. Ltoyp and M. A. BrcEtow of the Teachers 
College, Columbia University.°. The book is in reality two books in one cover, 
the first by Professor LLoyn, devoted to the teaching of botany, and the second, 
by Professor BIGELow, to the teaching of zodlogy. With the latter we are not here 
concerned. 

Dr. Lioyp considers two general topics which lie somewhat outside of his 
title, namely, the value of science (particularly of biology) in education, and nature 
study. The remaining chapters treat of the value of botany, the principles 
which should determine the content of the botanical course, the various types of 
botanical courses that have been proposed, and the botanical principles to be 
emphasized. ‘These topics are followed by detailed discussion of a course in 
botany for high schools, and of the equipment and materials for the laboratory. 
The final chapter consists of a list of books most useful for teachers. 

It is hardly necessary to say that such a book as this, from the hand of a suc- 
cessful teacher and a skilled botanist like Dr. LLoyp, will be of great service to 
teachers, especially to those whose training is somewhat inadequate and who 
therefore are familiar neither with the literature of the subject nor with those 
general principles and outlines which ought to be presented in secondary schools. 
The number of such teachers is still unfortunately large. Nor is it to be doubted 
that even the more experienced teachers and those better trained will profit by 
many of the suggestions and discussions, for Dr. LLoyp has clear, definite con- 
ceptions, and a pedagogical rather than an academic point of view. His chapter 
on nature study is commended to the serious attention of those who are advocates 
of this sort of work in the primary schools. The chapter on the ‘‘method of 
thought” in teaching as against the “‘method of discovery” is admirable in many 
particulars; but it must not be forgotten that even this method depends on the 
skilful teacher, and such an one may even “introduce a system of lenses between 
the eye and the object” without confusing his pupils. 

The part of the book for which the author naturally expects the most criticism 
is that which discusses the types of botanical courses and marks out one which 
appeals most strongly to himself. There is no gainsaying the value of this course, 
and no one more strenuously than the author would insist that there are other 


tLioyp, F. E., and BicEetow, M. A., The teaching of biology in the secondary 
school. 12mo, pp. vilit+491. New York: Longmans, Green & Co. I904. 
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courses equally valuable. It cannot be too often repeated that only the incom- 
petent slavishly follow courses prescribed by other teachers. Each really good 
teacher is obliged to make his own in details, though he may follow another’s 
general plan. 

The book certainly does not overshoot its audience. One who is familiar 
with the teaching of botany in schools of the upper Mississippi valley and west- 
ward is tempted to think that Professor LLoyp’s ideal has already been realized 
and perhaps even surpassed in a considerable number of the better high schools; 
and he wonders whether the book is not better adapted to the teachers and schools 
of the North Atlantic states, which, in the teaching of science, have certainly 
lagged behind the less conservative western ones. 

It would be of no service to attempt to summarize the author’s discussions, 
which will well repay serious consideration, and should be read both by the college 
man and the secondary teacher.—C. R. B. 


A monograph on transpiration. 


THE ABSOLUTE necessity that the investigator be thoroughly cognizant of 
what others have done and thought in his field, together with the ever-increasing 
hopelessness of coping with this task, offer probably the most serious discourage- 
ment to the scientific man. This difficulty, however, can be very much lessened 
by the publication from time to time of exhaustive monographs in restricted fields. 
A number of such monographs have of late years been appearing in plant phys- 
iology, the last to come to hand being BURGERSTEIN’s excellent summary of 
the whole subject of transpiration,? a subject whose literature has been extraor- 
dinarily difficult to compass. The book is a natural growth from the author’s 
three previous bibliographical and critical papers on this subject, Materialien zu 
einer Monographie betreffend die Erscheinungen der Transpiration der Pflanzen, 
which appeared from 1887 to rgor, but it is much more than a bringing of these up 
to date; it is not a mere critical bibliography but a thorough treatise on the various 
phases of the subject. New experimental data are scattered through the work, 
being presented in connection with the discussion of the several questions involved. 
Besides true transpiration, we have also discussed here the allied phenomenon, 
guttation, in a chapter which is altogether the best treatment that this subject has 
yet received. A very complete bibliography occupies thirty-three pages at the 
end of the volume, a bibliography in which reviews are uniformly noted as well 
as the articles themselves. 

The subject-matter is divided logically into thirty chapters, each of which 
deals with a certain part of the general field. The headings of some of these are 
as follows: Methods of investigation, Light in general, Light rays of certain 
refrangibility, Atmospheric carbon dioxid, Air temperature, Humidity, Air move- 
ments, Chemicals, Periodicity, Guttation, etc. ‘The language is clear and concise 


2 BURGERSTEIN, ALFRED, Die Transpiration der Pflanzen. Imp. 8vo. pp. x +283, 
figs. 24. Jena: Gustav Fischer. 1904. M 7.50. 














1905] CURRENT LITERATURE 


and the matter so well arranged that the reader has little trouble in finding the 
discussion of any particular point in which he may be interested. Different 
readers will doubtless differ as to the relative importance of the several subjects, 
but it seems on the whole that the balance is well preserved. 


All workers in plant 
physiology will find the work practically indispensable. 


The only source of 
regret is that so many minor typographical errors should have escaped the proof 
reader. —B. EK. LivinGston. 


NOFES FOR STUDENTS. 
AMONG THE MOST important ecological investigations of late years are those 


that have been carried on in New Zealand by Cockayne, which 
recently brought him the degree of Ph.D 


have 
, causa honoris, from the University of 
Munich. His most recent publication is an ecological presentation of the flora 
of the famous “‘southern islands.’ CocKAyNE had the privileges of a govern- 
ment steamer, and was able to visit Auckland, Campbell, Antipodes, and Bounty 
Islands. Although it was necessary to make his studies with ‘feverish haste,” 
his was the first ecological trip ever made to these islands, and the first botanical 
trip in winter. These islands lie between lat. 47° 43’ and 54° 44/ S., yet in spite 
of the high latitude, the larger islands are clothed with a luxuriant rain-forest. 
Auckland Island (50° 45’) rarely has snow for over three days at a time on the 
lowlands. Although the rainfall is not excessive, almost every day is rainy 
or at least cloudy and the evaporation is slight. ‘These features, together with 
the mild winters, make an ideal rain-forest (hygrophytic) climate. However 
the winds are constant and violent, a feature which commonly accompanies a 
xerophytic climate. The resultant vegetation reflects the peculiar climate to a 
most extraordinary degree. ‘The forest trees are short (not exceeding five meters 
in height), and present the gnarled aspect so familiar in mountain regions and 
near the sea. ‘The lateral branches grow to such length as to make the forest a 
true jungle. Within the forest, where the air and the forest floor are always 
moist, the wind does not enter; hence the vegetation is amazingly luxuriant, 
reminding one of the tropical forests; mosses, liverworts, and filmy ferns grow in 
wild profusion, making a soft carpet, while the trunks of the trees are covered 
with epiphytes. Even a tree fern (Hemitelia) was discovered, extending by some 
degrees the record for this ecological type. On Auckland Island there is found a 
typical hygrophytic forest, though with a xerophytic physiognomy such as just 
described; Campbell Island has merely a scrub; while Macquarie Island is without 
either forest or scrub. All of these islands have essentially similar climates, but 
the smaller islands are too exposed for trees, having instead the tussock formation. 
The dominant tree of these hygrophytic rata forests is the myrtaceous Metrosideros 
lucida. The much more local forests, in which Olearia Lyalliit dominates, have 


a somewhat different aspect. An interesting formation, found also in the Falk- 


CocKAVNE, L., A botanical excursion during midwinter to the southern islar 
of New Zealand. ‘Trans. N. Z. Inst. 36: 225-333. 1904. 
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land Islands and Fuegia, is known as the tussock meadow; the physiognomy here 
is chiefly determined by grasses or sedges, which grow on mounds of their own 
formation, such as are sometimes seen in low sedgy pastures in North America. 
The tussock formation is scanty on Auckland Island, more extensive on Campbell 
Island, and almost excludes other formations on the smaller islands. It seems 
therefore that the forest and tussock form a beautiful instance of vicarious forma. 
tions. Among the character tussock plants are Danthonia bromoides and a species 
of Poa, the former especially in subalpine tussocks. On Antipodes Island, where 
the wind is very severe, the tussock often grades off into a xerophytic heath-like 
formation, where the grasses are less dominant, being replaced by stunted Cop- 
rosma bushes, lycopods, and lichens. Some space is devoted to a discussion of 
the destructive influence of animals, which is especially marked in the sheep 
pastures of Campbell Island. CocKAyNE is a firm believer in the presence of a 
former land connection between New Zealand and these islands, because it is 
impossible otherwise to account for the presence of entire New Zealand formations. 
Certain species might be transported hundreds of miles, but scarcely the con- 
stituents of an entire formation. 

In an earlier paper,t COCKAYNE has given an admirable picture of the vegeta- 
tion of Chatham Island, 450 miles to the east of New Zealand. The climate 
resembles that of the southern islands, but is of course much milder. As would 
be expected, the climatic formation of the island is the hygrophytic forest, which 
presents a somewhat xerophytic physiognomy, though much less so than on 
Auckland Island. The trees commonly come close to the sea. Palms are fre- 
quent, and tree ferns are among the dominant elements, especially species of 
Dicksonia and Cyathea. Perhaps the dominant tree is the celastrineous Coryno- 
carpus. COCKAYNE made a genetic study of the dune and bog floras. On the 
beach the dominant plant was once the handsome Myosotidium nobile, the only 
endemic genus of the island, now almost extinct in its native state. ‘The dunes, 
once established, have been artificially disturbed, and hence show various phases 
of movement. In the virgin state the dunes were even forested with Olearia and 
Myrsine. A careful study was made of the dynamics of the bog floras, and one 
may find many striking parallels between these antipodean bogs and those of the 
United States. Sphagnum plays a dominant part in the early stages, but of much 
greater interest is the fact that the succeeding shrub stages are dominated, just 
as here, by shrubs of the most pronounced xerophytic structure; of course these 
shrubs have little or no floristic relationship with those of our bogs. Among the 
chief character shrubs are the ericaceous Dracophyllum, the restionaceous Lepto- 
carpus, and the rubiaceous Coprosma. Carex is also conspicuous in the early 
stages. The first tree is the composite, Olearia. ‘Then comes the typical forest, 
as described above. On the table land, Senecio Huntii (also an arborescent 
composite) and Dracophyllum arboreum dominate the early forest stage. Many 


4 COCKAYNE, L., A short account of the plant-covering of Chatham Island. Trans. 
N. Z. Inst. 34:243-325. 1902. 
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of the characteristic bog plants are just as characteristic of dry as of wet xerophytic 
situations; this is true of Olearia, and notably so of Phormium tenax, the New 
Zealand flax. This plant, once so abundant, is being exterminated by fires 
and grazing animals, and is now almost confined to the seemingly opposite habitats 
rocks and lake margins. Fires have wrought great destruction to the native flora 
and as a result there are vast areas dominated by the typical fireweed, Pteris 
esculenta; the exotic Rubus fruticosus also covers large areas. 

DeENpyYS has also written concerning the flora of Chatham Island. He thinks 
that the absence of many characteristic New Zealand types is due to the absence 
of many typical New Zealand habitats, such as alpine and other xerophytic situa- 
tions, as well as to the long time that has elapsed since the islands were connected 
with New Zealand; even when there was a land connection, it is likely that much 
of it was a desert, and hence a barrier to many forms. 

An earlier paper by CocKAyNe® deals with the vegetation of the New Zealand 
mainland, in the neighborhood of the Waimakariri River. In this paper there 
are brought out the characteristic features of the eastern and western climatic 
regions, and their various edaphic formations.—H. C. Cow es. 

THE PREMATURE decease of NicoLtas ALBorr has been much mourned by 
plant geographers. His studies in Fuegia have been edited and issued by EUGENE 
AUTRAN,? who has published as a preface an appreciative biographical sketch, 
together with a bibliography and an excellent portrait. In the historical sum- 
j mary, especial praise is given to the work of HOOKER more than half a century 
ago. ‘There are two dominant formations, the forest and the moor. ‘The forests 
are extremely dense and luxuriant, and bear witness to the humidity and uniform- 


ity of the climate. The forest floor has a wealth of bryophytes and filmy ferns. 





Extreme floristic poverty characterizes these forests, only two tree species being 
present: Fagus antarctica and F. betuloides. Moors occur where the forest can- 
not exist, either through exposure or soil moisture. Kerguelen Island, 140 
distant, represents, from a floristic standpoint, the farthest point reached by this 
Fuegian flora. ‘The balsam bogs or dry moors, so characteristic of the Falkland 
Islands, are also found in Fuegia. Fifty-three per cent. of the species are endemic. 
The most interesting elements in the flora are the neozelandian and boreal. 
ALBOFF agrees with most authors in holding to an ancient antarctic continent or 
archipelago, as accounting for the similar floras throughout antarctic regions. 


The long-known and most perplexingly large boreal element has been a stumbling 


5 Denpy, A., The Chatham Islands; a study in biology. Manchester Memoirs 
46:1 29g. Ig02 See Sot. Cent. 89:728 729. 1 
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© CocKAYNE, L., A sketch of the plant geography of the Waimakariri River Basin, 
considered chiefly from an oecological point of view. Trans. N. Z. Inst. 32:95-136. 
Igoo. 
7 ALBoFF, NICOLAS, Essai de flore raisonnée de la Terre de Feu. Anales del 
Museo de La Plata. Secci6n Botanica. I. pp. vit+85+xxiii. With portrait. La 
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block to students of floristics. Apart from species that are more or less cosmo- 
politan, the author holds that alternating glacial climates, advocated by CRoL1, 
afford the best explanation for the similarity of austral and boreal floras. Since 
glacialists generally reject CROLL’s hypothesis, it is seen how slender a support 
ALBorr’s theory has. To the reviewer, it seems that here, if anywhere, we shall 
be forced to consider, at least as a possibility, BRIQUET’s polytopic (polygenetic) 
theory. 

In connection with the work of Arnorr, brief mention may be made of 
DusENn’s admirable studies in the same region. Dus£Nn’s earlier work has been 
noted in these pages. One of his papers? was for the most part a floristic and 
taxonomic account of the flora. A later paper’? presented a more detailed eco- 
logical account of the vegetation, along the line of the short earlier articles. His 
latest paper™® gives an excellent account of the ecological and floristic features 
of western Patagonia. There are, three great regions: the evergreen forest, the 
deciduous forest, and the steppe. The evergreen forest resembles that described 
by AtBorr, and for New Zealand by Cockayne. Bryophytes, especially liver- 
worts, form a forest floor, sometimes five or six feet thick. Epiphytes reach a 
high degree of development. One or more species of beech everywhere dominate, 
although Drimys Winteri and Libocedrus tetragona are often abundant, the 
latter especially in moory soil. Of extraordinary interest is the deciduous forest, 
the only one yet found in the southern temperate zone. The dominant tree is 
Fagus (Nothofagus) antarctica, the very tree that dominates so much of the ever- 
green forest. Very few cases are known, at least on the lowlands, where one tree 
species dominates in two radically different climatic forest types. ‘The whole 
forest aspect differs, being more parklike, and without the luxuriant undergrowth 
of the evergreen forests. The rich bryophyte carpet of the latter is wholly miss- 
ing. The steppes call for ro special mention. Through the work of ALBOFF 
and DusEv, it is clearly to be seen that the Fuegian and Patagonian vegetation 
is of almost equal interest to the ecologist as the vegetation of New Zealand.— 
H. C. CowLes. 

ITEMS OF TAXONOMIC INTEREST are as follows: J. Rick (Ann. Mycologicj 
2:407. 1904) has described Pseudohydnum as a new genus of fleshy fungi from 
South America.—A new part of Komarov’s Flora Manshuriae (Acta Hort, 


5 See Bor. GAZ. 24:135. 1897. Also Engl. Bot. Jahrb. 24: 179-196. 1808. 

» DusEN, P., Die Gefasspflanzen der Magellanslinder, nebst cinem Beitrage 
zur Flora der Ostkiiste von Patagonien. Svenska Expeditionen till Magellanslanderna. 
IQ See Bot. Cent. 85: 47-49. IQOT. 

DusEN, P., Die Pflanzenvereine der Magellanslander, nebst cinem Beitrag zur 
Oeckologie der magellanischen Vegetation. Svenska Expeditionen till Magellans- 
landerna 3:351-523- 1903. See Bot. Cent. 96: 468-469. 1904. Also Engl. Bot. 
Jahrb. 33:litt.28-29. 1903. 

« Dusen, P., The vegetation of western Patagonia. Reports of the Princeton 


University Expeditions to Patagonia, 1896-1899. Part I. Princeton. 1903. 
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Petrop. 22:453-787. pls. 1-17. 1904) begins with Rosaceae and ends with 
Balsaminaceae, bringing the serial numbers of species to 1058.—P. A. RYDBERG 
(Bull. Torr. Bot. Club 31:555-575. 1904), in his r2th paper entitled “Studies on 
the Rocky mountain flora,” has described new species of Draba, Smelowskia, 
Sophia (2), Arabis (2), Erysimum (2), Opulaster (2), Holodiscus, Potentilla, 
Rosa (2), Astragalus (2), Homalobus (3), Ceanothus, Sphaeralcea (2), Touterea 
(2), Acrolasia (2), Epilobium (4), Gayophytum, Anogra (2), Pachylophus (2), 
Gaura, Suida, Aletes, Phellopterus, and Pseudocymopterus.—H. A. GLEASON 
(Ohio Nat. 5:214. 1904) has published a new Helianthus from Illinois.—H. 
Ren (Hedwigia 44:1-13. pl. 1. 1904) has published Trichophyma (Myrian- 
giales) and Stictoclypeolum (Mollisiaceae) as new South American genera of fungi 
from the Ule collection.—H. Curist (Bull. Herb. Boiss. II. 4:10 g-1104. 1904 
has described new species of Costa Rican ferns under Asplenium (2), Lomaria 
(3), Adiantum (3), Gymnogramme (2), Saccoloma, and Polypodium (3).—G. 
HieRoNyMus (Bot. Jahrb. 34:417-560. 1904) has published Lehmann’s pteri- 
dophytes from Guatemala, Colombia, and Ecuador, enumerating 315 numbers, 
and describing new species in Trichomanes (2), Hymenophyllum (2), Loxsom- 
opsis, Cyathea, Nephrodium (6), Aspidium, Polystichum, Diplazium (2), Blech- 
num, Gymnogramme (5), Adiantum, Polypodium (12), and Elaphoglossum (7 

I. L. GREENE (Leaflets 1:65-81. 1904) has described 5 new species of Ceano- 
thus; has separated from Gentiana the genus Pneumonanthe, to include the 
“closed gentians” and their allies, and has transferred to it nearly 30 species; 
and has described from middle California new species under Lupinus (4), Lotus, 
Sidalcea (2), Silene, Aquilegia, Delphinium, Bistorta, Eriogonum, Swertia, 
Castilleia (2), Pentstemon, Apocynum, Cryptanthe, Galium, and Chrysothamnus 
(2).—R. M. Harper (Torreya 4:161-164. 1904) has recognized a new species 
of Ludwigia (L. maritima) among the forms commonly referred to L. virgata. 
C. F. MiLtspAuGH (idem 172) has published a new species of Euphorbia from 
the Bahamas. -W. H. BLancuarp (Rhodora 6:223-225. 1904) has described 
] 
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anew Rubus (blac kberry) from New England H. | Hovust (ide m, 220 P 
has described a new Viola from New England.—J. M. C 


WIELAND’? has secured transverse seed-sections of one of the Bennettitales 
showing tissue filling the archegonium, which he interprets as the proembryo 
If he is correct, this is an interesting confirmation of the current morphological 
view that the Ginkgo type of proembryo is the most primitive among living gymno 
sperms. ‘The previously known mature seeds of Bennettitales are singular among 
gymnosperms in the entire absence of endosperm; and now even in this reported 


proembryonic stage WIELAND finds no trace of endosperm.—J. M. C. 


12 WIELAND, G. R., The proembrvo of the Bennettiteae. Am. Jour. Sci. IV. 
18: 445-447. pl. 20. 1904. 








NEWS. 


Dr. OSCAR BREFELD, professor of botany at Breslau, has retired from active 
service. 

Dr. JOHANN GOROSCHANKIN, professor of botany in the Imperial University 
and director of the Botanical Gardens at Moscow, died recently at the age of 
sixty years. 

PROFESSOR GEORGE J. PEIRCE has returned from working at the Zodlogical 
Station at Naples and resumed his duties at Leland Stanford University at the 
beginning of the year. 

THE FORESTRY QUARTERLY, whose chief editor is Professor B. E. FERNow, 
has increased its subscription price to $2, as the amount of material for publica- 
tion demands an issue of three to four hundred pages a year. 

Henri T. A. Hus, M.S., a graduate of the University of California and a 
student with Huco DE Vries, has been appointed to take charge of the herbarium 
work at the Missouri Botanic Gardens, St. Louis. Mr. Hus has given much 
attention to fasciation and to mutations in plants. 

Notice.—Owing to the increasing pressure upon our space, and in justice 
to numerous contributors, the Editors of the BOTANICAL GAZETTE are constrained 
to announce that with the beginning of volume XL (July 1905) no paper exceeding 
thirty pages in length (about 11,000 words) can be accepted for publication, 
unless the author is willing to pay for additional pages; in which case the size 
of the number will be correspondingly increased. Longer papers that have 
already been received and accepted will be published in due time. 

Attention is also directed to the more liberal terms for separates announced 
in the advertising pages. 

ON JANvuARY 12 Captain JOHN DONNELL Situ, of Baltimore, presented his 
private herbarium and botanical library to the Smithsonian Institution. ‘The 
herbarium consists of more than 100,000 mounted sheets of vascular plants, 
besides many specimens of the lower cryptogams; and the library contains nearly 
1,600 volumes substantially and elegantly bound. ‘This is by far the most impor- 
tant botanical gift ever received by the Institution, and it is a valuable addition 
to the rapidly accumulating collections that are making Washington a great center 
for taxonomic work. Captain SmirH will retain for the present the custody of his 
library and the greater part of his collection, but some 25,000 specimens have 
already been sent to Washington. 
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